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ADVERTISEMENT. 



JLn the Vre&ce to the ^ Experimental In- 
fjpiiry ifUo the Nature and Propagation of Heat ^ 
I promised to resume that subject, and to ex- 
tend my researches into the relations subsist- 
ing foetwe^i heat and moisture, which eluci- 
date and confirm all the former deductions. 

As I was anxious to obtain still more accu- 
rate results, it became requisite to devise new 
experiments, and to procure apparatus of the 
largest dimensions, and of the most refined 
elaborate construction. Some of the obser- 
vations, it was necessary to repeat at different 
seasons; and the circle of my professional 
avocations, joined to that of the publications 
which I had connected with them, could not 
fail to create delay, and to suspend in part my 
application to experimental research. Several 
years have thus unfortunately gone by, with- 
out allowing me sufficient time to perform, in 
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the way which I had proposed^ my original 
engagement. I have at length advanced so 
far, however, that I may hope to be able very 
soon to discharge that task. 

In the meantime, it seemed desirable for 
the advancement of science, to promote the 
circulation of several instruments founded on 
my speculations, and to give the public more 
correct notions of their principle and their 
' mode of operation. With this view, I was in- 
duced to draw up a concise statement, in as 
popular a form as the regard to accuracy 
would admit, but which, from the accumula- 
tion of materials, has swelled by degrees into 
a volume. I have only &rther to add, that, 
in order to avoid troublesome calculations, I 
have satisfied myself with citing round num- 
bers ; but these, if not absolutely correct, are 
in general very near approximations to the 
truth. 
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nPHE various pheiioiii^tia of heat.iu'e most 
eaaUy conceived, by referring them to 
the operation of a pecuHar fluid, possessing 
extreme activity, and diffused through aU 
bodies. This fluid exists, ho;we(rer, only in 
a state of combina^on, and never appears un- 
der a distinct and separate form. Though 
subject, irom . different causes^ to partial de^ 
nu^ement, it constantly endeavours to reco-« 
ver. its equilibrium among adjacent bodies* 
Its accumulation in any substance is invari- 
ably marked by a corresponding expansion^ 

A 



2 RELATIONS OF AIR 

unless an absolute change of constitution has 
been induced* Thus^ a lump of ice intensely 
cold^ if exposed to a mild air, will regularly 
expand, tiU it begins to melt ; and during its 
conversion into watery it will auffef a material 
contraction, but, after this change, it wiU 
again dilate, from the repeated accessions of 
warmth. In like manner, a bit of clay, though 
in the fUrtaace It contracts, from the e!ii:|rtilsion 
of part of the water combined with it, will, 
on being withdratm and suffered to cool, ex- 
pand by the application of any lower degree 
o£ hed/t than what it had before sustained* 

Wtneii the hesftt i^ialred among bodies is 
lAutually baiaaded^ tibey are said to h&ve thfe 
^Bime fi^ffipi^aiurei But imeh balatiee oir equidl^ 
ty df temperature is ft» ilioi'e qutdkly attain- 
td in twme substataceB than in others. Silir«r 
erttfiikftiits heat moi« teadily than platlna, phih 
tina than glass, and glass than lodse down* 
This propeity^ by whidh bodies are so wide- 
ly divi^riufic^^ id called thdr eonducHng paofet; 
aAd it has a fflost bxt^Bftsive influenoe in thfe 
economy of natural. 
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Aiodng diffei^fit substftncsi, too^ the tiid 
iji Uaxkpemaee is {iccom{)atii6d by yrefy dii^ 
fent degt«es of expaitsion^ . Ai^ is fi)und« itt 
lUce ciHataiBtancQi^ td CRspaftd 5 times mor^ 
tfaan aleohf^, 90 tiineb ttiwe dian merc«or)r, 
180 tiitufeti move thin platiila^ and even 5M 
times more thsui glate. 

The ^ertnatniter is Ml ihstrameilt coiitrived 
to measure its owi^ expansions, and eonsitt' 
qnentlj fitted^ by its nice selisibilityy to indi» 
eite the tempetature if£ surrounding bodies. 
Still tibe fitenhoinetet ean mktk bnly the heirt 
»fh,ow*b«lb.«.<fc««lby*,.erndoo«- 
mrniioatioD ; and any fiirther infertedes dirftwn 
fipom its difFereiit kidieations ir6 Merely the 
rMiilt of 80tne procdM of reasotaing. 

The piimilry scmrce of hei^ ii the 8Uii| 
whose gmikl rays arfe {tartly detained in the 
atmosphere^ tod partlj re^^eilr^ dt die sUrfactf 
of the land and of die ()ceto. 'Xlbd inoeaiMiit 
addition tibua tt»de to the . elementary fluids 
?ttryiiig with the la^^itude bnd the change of 
seasonB^ are speedily disperied by the yehiele 
(suirents^ and gradually absorbed into 
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the general mass of olir globe. Yet this an- 
nual influx of heat, however important in its 
transient and superficial effects, must bear no 
comparison to the wide accumulated stor^ 
since in the course of ages scarcely any sensi<- 
ble increase of temperature over the world 
has been distinctly ascertained. 

But, even after it has gained its equilibrium, 
the fluid of heat is not equally dispersed 
among bodies, or shared out in proportion to 
their quantities of matter. Had an opposite 
system obtained, no internal change of tem- 

4 

perature could ever have taken place; for, 
amidst all the mutations of form and condi- 
tion to which bodies are subject, their mass 
continues unaltered, and would consequent- 
ly retain the same measure of heat. In the 
actual constitution of things, a provision is 
happily made for those grateful alternations 
and interchange of elements, which enhven 
the iface of nature. Heat combines with dif- 
ferent substances in proportions widely va- 
ried, and depending in each on its peculiar 
and intimate structure. In general, it is more 
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copious in liquids than in solids, and in the 
aeriform fluids than in liquids. But still the 
allotment among the different bodies, ap^ 
pears to be as various as their distinctive 
properties. Under similar circumstances, 
hfifdrogen gas will hold or absorb ten times 
as much heat, as an equal mass of atmos- 
pheric air ; water twice as much as olive oil, 
find three times as much as concentrated sul*- 
phuric acid; sulphuric acid, again, twice as 
much as glass ; and glass itself, twice as much 
as silver, and five times as much as mercury. If 
a pound of water heated 30 degrees, be pour-* 
ed into another pound pf water, at the tem- 
perature of the apartment, the surplus heat will 
become equally shared between the two mas- 
ses, the infused portion losing 15 "" of its 
heat, and the recipient gaining IS"". But if a 
pound of mercury, heated 30 degrees above 
the standard, be poured into a pound of water; 
while both of these now acquire the same 
temperature, the' mercury will lose 29 de- 
grees, and the water gain only one degree. 
Hence, in the state of quiescence, mercury 
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QQRt^^s ji9 times h»8 best tbftn wfiittr* ap4 
li»8 Its teroperntwe 29 times w^iye oibet- 
e4 by eqwl ftqc^sipns pf that ^lem<^tftry 
Huid. But evem the ssme substance^ if its 
jform he mutable, will exhibit similar difiSer-r 
9013^, according to Uie aspect which it as-> 
sume«. Thus, ica is more eaaUy heated than 
water, and water than steam. Th^ same ad- 
dition of heat which would raise the tempenn 
ture of icp 10 d^ees, would only raise that 
of water 9 degrees, *aiid that qf steam 6 d©T 
grees. At each stage of transition, there is 
hence an apparent pausen attended with a 
corresponding absorption or evolution of 
heat 

ThuSf if a vessel filled with ice^ be sipi^ 
pended over a steady fire, the ice will con^ 
tinue at the freezing point, till, perhaps in an 
interval of half an hour, it be entirely meltr 
^ ; it will then grow regulariy warmer, till, 
after 40 minutes, the water begins to boil: 
nor will the temperature of the liquid now 
receive any farther increase, the subsequent 
accession? of heat being whoUy expended in 
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thfi ^^matiim of tlie ^pelkd irtaciun» and 
which would require tlie spaee of three houss 
aod ^. hal£ In the ad of thawiogt tfaia^oi e, 
aeui pgiiin in the procesiii of diuUition, there 
18 » siifccessive absorption of h^U amounting 
JOespectively to a di^reijc^ of tenqieratufe in 
the wf^ter of about 75 and 5^ of the eenti^^ 
gisde degnees, or 135 and B45 on Fs^esif* 
heit's scale. But the heat thus absorbed is 
nowise distinguished horn the rest, or fitted 
to perform any differeut fuQCtion ; it blends 
its i^on and its expansive energies with the 
gffli^al fluids and merely serves to restore 
the equilibrium that had been disturbed by 
the enlarged capacity, or rather the ii^creas* 
fd attraction^ of the mass with which it com^ 
bines. 

A similfir ^penoe of heat invariahly at^r 
tends the conversion of water into the gase- 
CHis st9|^ of vapour, by whoever powers that 
^HQAsfiannation is effected. Thu8» dry air 
InxMight in contact with moisture^ will at*- 
traot it to some point of saturation, or will ab«- 
sMb a certain portion of the humidity, and as* 
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similate this with its own substance ; and ^\Mh 
aption is greatly augmented, either by raising 
the temperature of the medium, or by rer 
ducing or withholding the atmospheric pres-> 
sure. The application of warmth invigo^ 
rates the dissolving power of the air, while^. 
by distending the particles of the subjected 
water, it faciUtates the passage into vapour ; 
and the diminution or removal of the incum- 
bent Weight of the atmosphere produces a si- 
mflar effect, by giving a freer or less restrain- 
ed play to the repulsion of the liquid par- 
ticles, and hence assisting indirectly the at- 
traction of the solvent medium. On this 
principle, depends the consumption of heat 
and the consequent reduction of temperature, 
occasioned by the evapoi^ation of liquids which 
are exposed to the access of dry air. 

The evolution or absorption of heat, and 
thence the raising or lowering of the general 
teknperatuie, must therefore be the result of 
every change in the constitution of bodies, 
whether it belongs to the class of physical or 
of chemical phenomena. In the case of mix* 
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tUM or solution/ 4^e effect is limited and 
merely transient ; but where a process of de- 
composition goes forward, the discharge of 
h^i.t is copious and continued. Thus, if sul«- 
j&uric acid be poured upon WE^er, ther^ will 
W«» • «»m»kAle evolution of h«rt, .s the 
«!>«% of the dilute acid so formed i, le» 
than the mean capacity of both its compo-^ 
nents. Again, nitre or sal ammoniac, dis-* 
solved in water, occasions an absorption of 
heat or a d^ression of temperature, because 
the capacity of the saline solution is greater 
than the intermediate capacity of the water 
and of the salt. Such extrication or abstrac- 
tion of heat is, however, a single act, and can 
produce only a momentary change of tem-r 
perature in the mass affected. But when the 
united streams of oxygen and hydrogen gases 
are inflamed, or when charcoal is burnt in 
contact with atmospheric air, there is a con*** 
tinual and profuse emission of heat ; for, in 
both cases, a decomposition is carried on, and 
ita effects are incessantly renewed, the oxy- 
gen and hydrogen gases forming steam, which 
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has less cufmcityt aa4 <^ unioft lif ihfi t^mh 
coal changes H^ {Hire pordQii f^ooiBinoB me 
uito osarbonic gas* whose eapmty is l)ke«H«e 
miich lower. On tbie other hand* a peipetujit 
absorption of- heat is claused hy the OFaponki 
tion <^ liquids exposed to tibe fiwe^iwuM^ 
of dry air, from the incceasfid $iipaoity q£4^ 
iaviaible exhaUdoais draim from t^tmn m(k 
disaolyed in the aerial msdivm. This 4$h 
pression of temperature, though it can be 
supported (qt my length of time, is ia auMit 
cases, however, ooi^ned within very modch 
rate limits. |n general, the means wit^n 
our reach of proiesuring the disoharge of heat 
are of a nature far more powerful ^lan those 
which occasion its. absorption, or the seeming 
production of cold. 

The gaseous substances are so loosely oout 
sdtuted, that a difference in their oompoair 
tion is sufficient to alter materially their inti^ 
mate properties. Thus^ common yir^ on heiiig 
condensed 30 times^ has its capacity finr haat 
reduced to one half; and, if suddoily comT 
pressed to 20 times its ordiniury density^ }t 



wiil ^engBgft sq miich hast as tp Amw m 
dentma e£ teeoipemtme ^qual i;o QQO degrees 
hy Fahrmiheit'B sosley and sufficient for die 
mflammation of most bixiia. On tki% piD« 
psrty, 18 ^wiided « pretty ccmtrivanee htdy 
made in Fninee, the Btrokp of a amall con^ 
^naing synaga being employed to »Bt on 
ire a bit oi* tinder. An c^pposite eflfeet^ wheq 
atr is suddenly rwcfiedy taJtf a plaoe i a certain 
quantity of heat being noiir absorbed, or ap 
apparent cold prodttced* 

The increased (»paeity of raiefied air is the 
true cause of the cold whidi prevails in the 
hi^er r^(iona a^ the atmosphere. From the 
unequal action of the sun*s rays and the vi^ 
cossitudes of d^y ^^ ni^t, a perpetual and 
quick circulation is maintained betureen the 
laweig and the upper strata } and it is obvious, 
thatt fo9 each portiim of air which rises fiom 
the sorft^e, an equal*and corresponding posr 
laon must also deseend* But that which mounts 
upt aeqwrii^ an enlargement of capacity, 
ha. its tpmpewtuf e proportionaUy diminidi, 
ed } while the eorrdotive mass falling down 
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carries likewise its heat along with it, and, con« 
tsracting its capacity, seems to diffuse warmth 
below. A stratum at any givai height in the 
atmosphere is hence alike affected by the 
passage of air fiom below, and by the return 
of air from above, the former absorbing heat, 
and the latter evolving it. But the mean tern-*- 
perature at any height in the atmosphere is 
still on the whole permanent, an^ consequent* 
ly those disturbing causes must be exactly ba- 
lanced, or the absolute measure of heat ig 
really the same at all elevations, suffering 
merely some external modification fi*om the 
difference of capacity in the fluid with which 
it has combined. That temperature is hence 
inversely as the capacity of air possessing Ae 
rarity due to the given altitude. Having 
therefore ascertained, by some delicate expe* 
riments, the law which connects the capacity 
with the rarity of air, it was not very diffi^ 
cult to trace the gradations of cold in the 
higher atmosphere, and even to mark the 
precise limit where the .reign, of perpetual 
congelation must commence. Thus, I find 



ff 
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that, under the Equator, the boundary of the 
frozen region begins at the altitude of 15207 
feet, in the parallel of 45* at 7671 feet, in 
the latitude of London at 5950, and in that 
of Stockholm at 3818, while towards the pole 
it comes to graze along the surface *. 

It is curious to exjimine the mode by which 
heat is conducted through substances differ^ 
ently constituted. In the case of solid bodies, 
^ere can be no actual transfer of the heated 
particles, but these must alternately receire 
and deliver their successive impressions. If 
heat be applied, for instance, at one end of 
a cylinder of metal, wood, or glass, which 
communicates at its other end with some ex- 
tended mass, a regular descending gradation 
tof temperature will soon be established along 
dse whole chain of connection. But if each 
mtermediate portion of the conductor were> 
during its action, to preserve unvaried the 
temperature which it had once acquired, no 
transfer of heat whatfever could obtain. Each 



"W 



* See Elf menti of Geometry, pp. 495 an4 4^- 
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successive space iiito Mrhicli tne cylindeir is 
distiilguished) ihust therefore undergo a cer<- 
tain limited (iscillation, to excess and d^edt 
from thb statfe of ^uiliblium, thus partialljr 
dilating tod again oohtfactihg, and at each 
alternate act receivil^g frdm the anteriw pot^ 
tioil ft minute ^slfcess of heat, Whidi in the 
next it delivers to the i^Udceeding one. A 
aeries df connected internal vibrations must 
hetide keep shootiilg dloUg the wlKile chain 6f 
eommunio&tion, and the rate with whidi the 
keat is conv^ed by this tr'emi^ous exdit» 
merit arid successive transfer,- will depeial 
chiefly on the extent and the cderity of each 
elementary vibration. 

But when the (Conducting mediuih is t 
fluid, the mcibility of the particles afietit^ 
will sd derange the mode of operation, as al^* 
most entirely to change its nature. Tlw 
proximate portion of the mediUin, dilatii]^ ds 
it becomes Warfned, is gently fofcod to r». 
tede; ahd being likewise fendeted speetfi^ 
cally lighter, it rises to the surface. The heat 
then quickly spteftds thtough the bttoyant 
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MfihkteA^ i& hfimftnial strata, the hottest 
pirtUeks oolit^yifigtlM highest plaoe, and thd 
«tot «?fKt^&g thgaaselres aedordi&g io ihmx 
f ^@elive teAiptittttUres. Thtt^ if » hot body 
his plttngod in tiratet, » ponioii of the heat as 
gHidiuffly tklliotbkl by the smtounding liqiiid» 
Afid f l%iiiifiii«ted by iltitogssive fits tliriragh the 
iflieftial niass^ In ^o saide inatiner as if this 
httd hem d^ttgealed iutt^ solid ke. The re^ 
fiii^i^g p^mio^ ift disohflrged by the slov re^ 
dSMkA 6t ikkd heftled |)a«tid6S^ or the ^teiu 
fiettdkfida^ ffid^dh pMdueed by their mutual 
diiieii^lofl. The ^ubse^ueut diffusion of this 
hmtf ^R^dh i» iAnAfe m id/eaeead by the sue- 
a66sive tmat'^ df faihittt« di^enees Itoiu 

ilt^um to ^ffttuhl, is ^»foM»ed tety tardily 
ttid #ltb €M&eHlid diiB6idtyi The lo«rer part 
6f ttl6 liquid §e^tei iti g($n[€fal but a very 
ifiudl dhi^ of file heai fetdtied ne» Qib top. 
Uktam \t % that V«^ deep cdleetions of 
ymnst «k.p6&id t6 the variable mflueiiee of ther 
Klii aiid «kyj a^d ^^ays ^ufid to httve their 
bottOin gtetttly 6dldeff aiid iheir surfiwe 
Warutef, than the itiei^.teitaperat^re of the 
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climate. The superficial portion, dilated by 
the action of the summer's heat, continues 
passively to float, without mUch affecting Hie 
mass below ; but, when it has felt the rigours 
of winter, it undergoes a contraction of vo- 
lume with a corresponding increase of den-^ 
sity, and it sinks downwards in this chilled 
state. During all the changes of tempera- 
ture which supervene^ and while the intei;-* 
nal communication through the mass appears . 
so tardy and imperfect, there hence is an obvir 
ous tendency to accumulate warmth at its sur- 
face, and tOv precipitate the opposite impre»r 
sions. Accordingly the bottoms of profound 
lakes are uniformly and intensely cold. Thc( 
same property is not indeed ob&ferved in deep 
topen seas, because the various currents and 
heaving tides by whiph these are agitated^, so, 
effectually intermix the different portions of 
water, as in some degree to equalize tteir 
temperatura Near extensive banks, how- 
ever, where the interchange between the 
higher and the lower strata becomes agaiii 
impeded, no such equality seems to prevail ;- 
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and the increasing coldness of the water 
drawn up fixnn considerable depths in the 
ocean has lately been proposed as assure mark 
of the aj^roach of soundings, if not of the 
land itsdf. 

' Since water, on being heated, expands 
in . rapid progression, die portion of h^ 
whidi it abstracts from a body immersed in 
it, by means of the recession and incessant 
change of its contiguous affected particles, 
must be greatly augmented in the higher 
temperatures. Near the freezing point, this 
influence becomes extremely sniaU, and water 
is the^e scarcely a better conductor than ice ; 
but, as it appioa^hes to ebullition, it acquires 
audi an increase of iinobility, as to conduct 
heat five times &ster than in its torpid state. 
In other liquids, thf increase of temperature 
will occasion a similar alter9.tion of the con- 
ducting powers, though not so marked, as 
their expansions deviate less from an uniform 
progression. 

But, through air and other gaseous fluids, 
the conveyance of heat is still more com-» 

B 
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jiex ; and a close investigation of that pio-* 
€6809 by iinfolrltng certain latent propeitites 
of matter, has led to some very nnexpecb* 
«d and intaisesti];^ results. A new principle 
appears to combine its influence, and the irate 
of dinpersion, in aeri&rm media, is foimd to 
depend cbidly on the nature of tl^e mere 
heated surface. From a polished metallic 
sur&ce, heat is fedbly emitted ; but, from 9 
souface of glass, or still better from one <tf 
paper, it is discharged with profusion* If 
two equal baUs of thin bright silver, one 
of them entirely uncovered, and the other 
sheathed in a case of cambric be filled 
with water slightly warmed, and then sua* 
pended in a clo9e room* the former will lose 
only 11 parts of its heat in the s^me time 
that the latter will dissipate 20 parts. Of 
this expenditure 10 parts from each of th« 
balls is commimicated in the ordinary way» by 
the slow recession of the prcoimate particles 
of air, as they come to be successivdy heafcr 
ed. The rest of the heat, consisting of 1 part 
from the naked metallic surfiu^c and of IQ 
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parts £*om the caaed sur&ce, is propa^d;ed 
Ihrou^ <iie same inediumf but with a certain 
#ffiisive rapidity, which in a moment shoots 
its ibfluence to a distance, after a mode en-* 
tirely peculiar to the gaseous fluids. The 
very superior propellent energy of a sur&ce 
of glass or paper in comparison of that of a 
metallic one, lies within the compass even of 
ordinary obsenration. If a glass caraife or a 
. pot of porcelain be ^lled with boiling water, 
on bringing towards it the pahn of the hand, 
an agreeable warmth will foe felt at the dis«* 
tanc^ of an inch or two from th& heated sur. 
&ce ; but if a silyer pot be heated in the same 
way, scarcely any heat is at all perceptible on 
approadiing the sur&ce, till the fingers have 
almost touched the metal itsel£. 
' *It is curious to inquire how such a singular 
diversity can arise* If the silver bail be co^ 
vered with the thinnest film of gold-beater's 
skin, and which exceeds not the dOOOth part 
of an inch in thickness, the power of disper«- 
won will be augmented f^om 1 to 7 j if an- 
other pelfide be added, there will be a farther 
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increase of this power, from 7 to 9 ; and so 
rejpeatedly growing, till after the application 
of five coats, when the propellent energy will 
reach its extreme limit, or the measure of 10, 
In this case, the metallic surface is precluded 

. from aU contact with the air, and it must, there- 
fore,act in consequence of its mere approxiinitp- 
tion to the external boundary. We may thence 
infer, that air never comes into actual contact 
with any surface, but approaches much nearer 
to glass or paper than to polished metal, from 

< which it is separated by an interval of at least 
the 500th part of an inch. A vitreous surface, 
from its closer proximity to the recipient 
medium, must hence impart its heat more 
copiously and energetically, than a surface of 

* metal in the same condition ; and the metal, 
to a certain extent j can act in reducing the 
power of the other. When a pellicle was 
applied, the metallic surface immediately un» 
der it repelled partially the atmospheric boun- 
dary, and reduced the darting efflux of heat 
from 10, which would have been thrown by 
the skin alone, to about 7, or only 6 more 
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than the efficacy of the naked, metal.. The 
repdOing influence of the. metallic plate was 
aenftible even, under four .coats, or at the dis-* 
tance of the. 750th part of, an mgh from the 
external surface. 

By what process Ae several portions of heat, 

« 

thus , delivered ,to the atmosphere, shoot 
through the fluid mass, it seems more difli*- 
cult^to conceive. They are not transported 
by. the streaming of. the heated air, fi>r the/ 
suffer no derangement from the most violent 
dotation of their medium. . The air must 
therefore, without changing its place, disse^ 
minate the impressions that it receives of ' 
heat, by a sqrt of undulatory: commotion, or 
a Betie» of alternating pulsations, like those 
by which it transmits the. impulse of sound. 
The portion of air next the hot surface, sud- 
denly acquiring heat from its vicinity, ex- 
paods proportionally, and begins the chain 
pf pulsations. In a^wL contracting, this 
aerial shdQ surrenders its surplus heat to the 
one immediately bdbre it, and which is now 
in the act of expansion ; and thus the tide of 
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heftt rolls onvhotb^ txad spreads itsielf on aS 
sides* These vibratory impressions are itot 
strictly darted in radiating lines^ bttt eac^ 
successive pulse^ as in the case too of sounds 
presses to gain an equal diffusion^ Distent 
obstructions may^ therefore^ cause the undu- 
lations of heat to deflect considerably from 
their course^ Thus, if successive rings df 
pasteboard be fadbioned into the twisted form 
of a cornucopia^ and its wide mouth present^ 
ed at some distance to the fire^ a strong heat 
will^ in spite of the gradual inflection Of the 
tube, be accumulated at its narrow end { m 
the same manner probably^ as waves, fiaw<- 
ing from an open bay into a narrow harbour, 
now contracted and bent aside, yet without 
being reflected, rise into furious billows^ 

But the same pulsatory syst^n will enable 
the atmosphere to transmit likewke the im^ 
pressions of cold Hie shell of air adjacent 
to a frigid surftce, beooming suddenly dhilled, 
suffers a corresponding contraction, and whidi 
must excite a concatenated train of pulsations. 
This contraction is followed by an immediate 
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cnqptmion^ wImcIi witfadiaw* a pordon of heat 
fiNMOi the neaet radcedding shell, ksdfuaw ift 
the act of ccAferacting } and the tide of ap^ 
parent cold, or leather of defideiit heat^ ahoota 
£»nrasd8 with difftudre straep^ Hier energy 
of tisnonission is itubjoct^ in this case also, to 
the sane modifications from the nature of 
the affected surface. Tims, a goblet filled 
with pieces ofbrokeb ice, 6t still better inih a 
frigorific mLxture composed of anofar and «dt^ 
wiU, at a modemte distaace^ yet se^n cisill i 
but a taivm pot, filled ii^ith a similar mixtnve,. 
w31 not codi the hand, till it has become pro^ 
fiisely coveted with dew^ and thei^re now 
pi es«^ a noOi^nietallic aorfiice^ 

But the same qofAky hy which a raar&ce 
propeb the hot ot cold pulses^ equally fits it, 
amler other circiimistaiiceBf to iseeeire theii^ 
imfHramonf. If a vitreoiift mfffiee geitdi fottb 
its heat thd most oo^aaAy, it will sikot when 
oppcMwd to the tide, arrMt with entire efiieacy 
the afflnent waire ; and if, oo, the Qtiher hmd, 
a Mii^fiMse, of metal i^pam^y pttts with its 
hesty it in like tnatmer detaina ooly a etMSi 
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share of each appulse^ and reflects all tfaerrefiti' 
The power of superficial absorptkn and liurfr 
of reflection axe therefore exactly contrasted^ 
and^ the one always supfdies the d^nency of 
the other. The nd^ed bulb of a tbennom&< 
ter held near a goblet fiiU of boQing wates^ 
will mark a very sensible aflaiix of heat ; bat 
if it be gilt or coveted . with tinfoil^ it will 
scarcely ieeai at all afiected. For the same 
reason^ the hand cased in a glote' of biumish-> 
ed metal may approach the fire with impupi'^ 
ty^ since the vehement pulsations of heat are 
mostly driven back^ or turned aside firom their 
attack. A sheJBt of paper, opposed to the> 
aerial tide, will absorb the whole impresiaon^ 
a pane dP glass will repel about one-tenth 
part, while a plate of polished silver will re^ 
fleet nine*tenths of the heat, detaimng only 
the remaining t^ith. But if the metallic 
plate be covered with a pellicle of the SOOOth 
of an inch in thickness, out of 10 parts of 
heat no more than 3 will be reflected, die 
rest being now absorbed ; and by applying 
iifa<)cessively other pellicles, till a coat equal 
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to the 5O0tb of an ihdb in thickness has h&sa 
fonned, the quantitj of reflection will gradu*^ 
ally become insenaihle. ^ The power of a me- 
tallic speculum in ^concentrating at its focus > 
the pulses of heat or dold is hence very dtrik-^ 
iBg^ while, the correi^ondix^ efieets of a ]glass 
«Mh^ seem to be extoemely feeble 

Hie very di^rent powers :of a : vitreous 
and of a metallic sur&ce in propagpating or ab^ 
sorbiug -die piilsations of hkat^ rare well coD^f 
trastsed by an exp^rinietit of the simplest and 
easiest: kind« Let a fflnaUpaneof ^assabout 
four inches square have one of its sides half 
eovered With smooth tinfoil ; or, what is more 
dfi^ant, let a small square of thin mica have 
oiie side gilt half over wilb silver, leaf On 
bedding the partly covered surface of the glasa 
<yr mica opposite and very near thefire for the 
sfoce of a few seconds, and then passing the 
Img&c li^bUy over the posterior surface, scarce- 
ly any warmth is perceptible under the me-, 
tdAic tdieath^ but an intense degree of heat 
wUl be folt bdiiind the naked portion ^ of the. 
^ate. Again, reversing its position and exr 
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positig l3be uncovered hide to the fire^ aii op^ 
postte) though less marked effinst b observed ; 
the coat of metal will become sensibly hottiHr 
than the adjacent naked space ; because tfat 
heat absorbed along the interfer suxfiu^e h^ 
ing afterwards more ftidbl j disduu^^ fhNtt 
the tin ox silver lea^ is allowed to fffwuiwlatt 
in that port of the screen. In this latter case, 
the difierence of temperature produced is very 
nearly the double^ and in the former it ia ira 
less than tenfold* But effects of the same 
kindt and which aare alike Coio^asted, though 
inferior in degree^ will be perceived, if a thin 
pellicle be spread over the compound surfiiee 
of the ^ass and tinfoil, or of the mica and aU 
ver leaf, the mere proximity of the m€^;allio 
Surface repdling the atmospherei and conse* 
quently enfeebling the powers of absorptiiin 
and emission. 

The yery singula and unexpected facts now 
detailed merit attrition, and suggest a vai^iety 
of improvements in the practical management 
of heat. A vessel with a bri^t metallic sur-^ 
&ce is the best fitted to preserve liquors ekher 
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kng warm^ or as a coiiMrvati»ry to k^p them 
cobL A silver pot will emit licarcely la^f as 
ameh heat aa one of pofccELain ; imd^entilw 
iMiy sligliteftt vamiidiiiig of gold, platina or 
aflveri wiikh caniiiiunic«6e6 to the waf^a eet^ 
tna xii^:aUic ^oss, rendi»y» this neir kind 
a£ nmiulietttre about one-*thiifd part motb 
retMithr^ of heat. The ackbltioii <tf a oover* 
ii^ of flannel, though indeed a bIow caty^ 
duetor^ ftir from checking the dissipation 
o£heat, has directly the contrary tendency i 
for it presents to the atmosphere a soffiice of 
mudi greater i^opnlsive energy, irhich it 
would require a thicknras of not fewer than 
three fiokte of this loose substance fnlly to 
counterbalance. The cylinder of the steam^ 
engine has lately been most advantageously 
(siieathed with potisAied copper* 

The progress of cooling is yet more tb^ 
tarded, by surrounding the heated vessdi <»i 
•idl sides, at (he distance of near ah inch, 
with a case of planished tin ; and the addi^ 
tion of other cases, following at like inta^vals, 
augments ecmtinually the efiect. With an 
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obstruction of one case, tlie rate of r^&igeidk 
tion is 3 times slower, with two cases it is S 
times slower, with three cases it is 7 taneB 
slower^ and so forth, as expressed by the suc- 
cession of thb odd numbers. By multiplying 
the, metallic cases^ therdfore, and dnpoaing 
them like a nest at regular intenrals, the in- 
nermost could be made to retain the same 
temperature with little ydrintion- ^r many 
hours or even days. Sudi an apparatus wodbl 
obviously be well calculated for yarious ouli* 
nary and domestic purposes. 

In the conveyance of heat by means of 
steam, the surface of the ccmchicting tubes 
should have a metallic lustre. On the con- 
trary, if it be intended by that mode to warm 
an apartment, they should be coated on the 
outside with soft paint, to facilitate their dis- 
charge of heat» For the si^e reason, me- 
tallic pots are more easily heated on the fire, 
afiber their bottoms have become tarnished or 
simoked. If a bri^t sur&ce of metal be 
slightly furrowed or divided by fine flutings, 
it will emit heat sensibly faster, because the 
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pfominent ridges, thus brou^t dbser to the 
•general BtmofSfkedc botindar^, will extsite the 
pidntioDs with augmented energy. 

Ob the otibkor^handy a plate of metal, howr 
ever thin, if only burnished^ on each side, 
ynA fimn: the. nmrat efficacious screen. - A 
mooth sheet ^of pastdbo^, gilt over both 
sides, wouM answer the same purpose. But 
a complete and elegant screen might be com- 
posed of two parallel sheets . of China paper, 
pU«d dK«t an mb Muncter, mi having 
their inner surfiices gilt, and their outsides 
tinkled with flowers of gold and silver. 

Since, in a stiU atmosphere, the mom^ita^ 
flow of heat from any vessel, whatever this 
may contain, dep»[id» merely on the condi-* 
tion of its sur&ee, the wh<de accumulated 
disdiarge, during similar descent* of tempe- 
rature, is evidently proportional to the time 
elapsed^ Hence a vei^ simple and accurate 
ipiethod is su^ested, for ascertaining the ca-* 
pacity of d^erent liquids or their specific at^ 
tracti<m to heat Into a ^ass ball, two or 
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thixi^ with A narrow short' ned^^ and having s 
delicate th^rmooiebnr inserted, through it^ 
the liquid to be e(uxnined> wiudb had been 
previouidy warmed a &w degrees, is cardUly 
introduced by means of a funnel The haQ 
ia then made to rest against the tapering 
points of three slender glass rods at the 
height of several inches above the table, and 
sheltered from any irregular agitation of the 
air 1^ the apartment by a large recdm^ 
passed over it» The number of seconds 
which the thermometer now takes to dink 
from cme given point to anotiiery or to the 
middle of its distance from the limiting tem-> 
perature, is noted by help of a stop-watch ; 
and the ball being thoroughly emptied and 
again sucoessivdy filled with other liquids^ 
the like observations are repeated. These 
several intervals of time, allowing a sli^t 
correction' fi>r the matter of the shell itself 
and of the inserted bulb of the thermometer, 
will consequently express the proportional 
quantities of heat contained in equal bulks 
of the successive liquids. But their densities 
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heiag already Ipiowii, it is hance easy to com^ 
|Nite vthoir mipective capacittes^ or the quan«» 
titles of heat wliioh equal weiglrts of them 
are oqpable of containing. By a process 
giounded on the same principles^ the capaci- 

of ft solid^ when broken or reduced to a 
gross powder, may be determined* 

The same regulated mode of cooling"^ will 
aore to detect witih precision tiiie exp^idi^ 
ture of heat, and to discriminate its various 
aHotmoiti in the different gaaes. For this 
purpose, a ball of about dnree indbes in diar* 
meter, and formed of bright and very thin 
siker, is preferable; and it may be succesp 
aively covered with a pellicle or with cambric, 
or painted vrith a coat of i vqiiy-black. Not to 
multi|dy unnecessary dets^ils, it will perlups 
be deemed sufficient to cite the case of hy« 
drog^ gas, which is by far the most distin* 
gttished. The portion of heat emitted in this 
en«getic species of gas by the system of pul, 
sttknu, whether from a vitreous or a metalUo 
sui&oe, if not exactly, is very nearly the same 
as m ^bnospheric air ; but that other portion 
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WUch « rf«t««ted by U» g^dual «c««o» 
of the nearest heated particles of the fluid, 
exceeds no less than four times the corre- 
sponding discharge in the ordinary medium. 
Why suck a striking difference should aris^ 
can hardly be coiijectured. Hy(h*og^i ga^, 
though ten times lighter than air^ yet con- 
tains, in the same vohune, an equal quantity 
of heat ; and it is fitted^ by its very superior 
elasticity, to transmit the pulsatory imprea- 

r 

sions more than three times. faster. , It mutt, 
therefore, as a counterbalance, receive those 
impressions three times slower from the heat* 
ed surface. But if such influence be confined, 
as it would; seem most probable, to the 
mere boundary of the medium or its thinnest 
conterminous shell, the measure of heat im- 
bibed at a given rise of temperature from the 
attenuated expanse, would be diminished .be- 
tween two and three times. This . mutual 
compensation of effect nearly agrees with the 
actual result. With respect. to the quadru- 
pled increase of that portion of heat which is 
abstracted by the slow but continued roiewal 
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of the ^jacent stratum of the fluid, we must 
refer it chiefly to the very great mobility of 
hydrogen gas, exceeding three times that of 
common Bk. If these strata were supposed 
to have in both cases the same thickness, they 
would each of them carry off the same share 

of heat 

•* 

Tlie portions of heattransmittedby pulsation 
dirough hydrogen gas, from a painted and a 
meUUie ™rf«=e,betag. as befo^, expre^ed «. 
Spectively by 10 to 1, the other portion, which 
18 altogeOier independent of the nature of the 
<^K^ng surface, and is dispersed by abduction, 
or the incessant retreat of the strata of the 
fluid as they come to be successively a£fect* 
edf will amount to 40* Under like circum^ 
fitaiices, therefore, the whole expenditure of 
beat from a painted and a metallic surface, 
and which in atmospheric air was denoted by 
20»dU.waH„ hydrogen g„ be r^resent. 
ed by 50 and 41. Those opposite surfaces 
are thus less contrasted in a medium of hydro*- 
gen gas, their different rat^s of disichar^ng 
heat being nearly in the proportion of 5 to 4. 
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The silv6r ball cased with cambric. Cools '2| 
times faster, if immersed in hydrogen gas ; 
but when exposed naked in the same fluid, it 
loses its heat almost four times as &st as in 
common air. 

The superior mobility of hydrogen gas ac- 
celerates remarkably the dispersion of heat, 
by the process of abduction. But the exposing 
of a heated body to the action of any cur- 
rent of a fluid substance, will occasion a simi*r 
lar expenditure of heat, and which is exact 
ly proportioned, to the celerity of the stream. 
If a very large bulb of a thermometer be sud- 
denly plunged into water flowing at the rate of 
one-third of a milein the hour, it wiU be found 
to lose its heat twice as fast, as when immersed 
in the stagnant pool ; and a current of two 
miles in the hour would, therefore, cause 
through the liquid a dissipation of heat no 
less than seven times more rapid than usual. 
A similar acceleration of effect is produced, by 
the impulse of a stream of air. With a velo* 
city of about four miles in the hour, the su- 
peradded influence of a current equals the or- 
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dinary power of abduetion. Hence the play 
of a bteeze of eight miles an hour will double 
the rate of cooling from a painted, and will tri- 
ple that from a metallic, surface ; but a wind 
sweeping with a velocity of forty miles in the 
hour, would accelerate the cooling of the paint- 
ed sur&ce six times, and that of the metallic 
one no less than eleven times, thus bringing 
them both near an actual equality of perform- 
ance. In general, the hourly velocity of wind 
might be computed, by multiplying eight 
miles into the proportional surplus effect ex- 
erted in the refrigeration of a vitreous or 
painted surface. 

But even in still air, if the body ex- 
posed to its action have a very consider- 
able elevation of temperature, the progress 
of cooling will be sensibly quickened, hy the 
continual ascent of the heated portions of the 
medium, and which form in fact a stream, 
. varying in force ; according to the intensi- 
ty of excitement. Supposing the excess of 
temperature to be 30 centesimal degrees, or 
54 by Fahrenheit's scale, this gentle per- 
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pendicular flow of heated air will conjcdii 
an influence eqiial U> the ordinary abduo 
tiVe diaperjsiioji of heat^ and therefore cor- 
i^eftponding to that pf a current which moves 
at the rate of four miles an hour* Hence, 
if the silver baQ be 90 centesimal degrees 
hotter than the encircling air, the effect of 
the vertical stream is tripled, dr the aggre? 
gate expenditure, from the painted and from 
the naked surface, will be expressed by 50 and 
41, the dissipation arising from ^he increased 
flow of the medium amounting in each of 
them to 30. By ^ singular coincidence, this 
proportion is precisely the same as what ob- 
tains near the equilibrium of temperature in 
an atma^here oi hydrogen gas. But hydro- 
gen gas betrays in its own constitution still 
greater modifications. At the same elevation 
of 90 centesimal degrees of temperature, the 
combined powers of cooling which it exerts 
on the contrasted surfaces, are expressed by 
170 and 161.— -It would be fatiguing, how- 
ever, to pursue this intricate analysis much 
farther. 
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The meteorological phenomena on which 
the nature of climate diiefly depends, ar^ 
more immediately connected, however^ with 
the relations of air atid moistttre. The va^ 
pout which exhales. &om the sUr£ice of out 
globe, and rises into the atmosphere, is again, 
by the operation of certain disturbing causes 
precipitated in the form gS clouds^ dew and 
rain, or of snow and haiL To discover dbe 
disposition of. the ait with respect to mois^ 
tute, is therefore a problem of great import^ 
atibe ; and an indttument which should at any 
time indicate with facility and precision the 
actual state of the medium in regard to hu» 
midity ot dryness, must be considered as a 
Tahiable acquisition to science. But the act 
of evaporation itself, from which all those v^ 
rious appearances derive their origin, is at^ 
tended by two distinct circumstances that 
seem to ofier the means of constructing such 
an instrument,*— the dilatation imparted t^ 
the ambient medium, — and the depression 
of temperature produced on the humid sur-- 
face. 
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1. Steam, in whatever way it is formed, has 
probably double the elasticity of common air, 
or it would, under the same^ressure, occupy 
about twice as much space. Inunitingwith that 
fluid^it musthence communicate an expansion 
which is exactly proportioned to the quantity 
dissolved, or to the portion of moisture require 
ed for the complete saturation of the air. 
This principle appeared to suggest the means 
of constructing an accurate Hygrometer'^ ^ to 
which my researches had been early directed. 
Inverting a small barrel tumbler, I ground 
the mouth perfectly flat ; and having drilled 
a hole through the bottom, I cemented into 
it, a sort of s3^hon gage or slender recurved 
tube with a narrow bore, pAssing throi^h a 
perforated cap of lead, and holding a portion 
of nut oil tinged with alkanet root, a scale 
being affixed with divisions corresponding to 
the 10/XX) parts of the ordinary elasticity or 
pressure of the air. Having now spread a few 
drops of water over the sur&ce of a bit of plate 



* From vy^nt nwist or kumidt and fiir^*9, a measure* 



TO >H£AT AMD MOISTURE. 39 

glass, and slipped the tumbler upan this, the 
included air quickly dissolved as much mois* 
tore as was su£&cient for its saturation, and 

« 

marked, the expaiision thus acquired, by fore- 
ing the column of oil to rise proportionally. 
The quantity of effect was often very consi- 
derable, amopiting in fine weather to 100 or 
120 d^rees. * This little apparatus satisfied 
my expectation, but, as it always required a 
certain portion of: address, I so(hi. abandoned 
it . for other instruments, which promised* to 
be more easily i and readily managed. With 
some modification, however, it would prove 
yery sen^ceable in a variety of delicate phy- 
sical inquiries, by detecting. the minutest al- 
terations of volume which take place in the 
union of different substances, and thus point- 
ing out the curious and extended influence 
of chemical action. 

• c 

2. But the process of evaporation has 
not been hitherto ffxamined with atten^ 
tion, or its consequences rightly understood^ 
The depression of temperature which al-' 
ways accompanies it, has been hastily sup* 
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posed to be proportional to the rote 
whidbi the moisture is dissipated, atid to 
be therefoore augmented by every csrcmm-^ 
staiice that can accelerate this effects If wa- 
ter contained in a porous vessel^ expose on 
all sides its surface to a cufr^it e£ air^ it 
will cool dowti to a certain pcoBt, and tfarae 
it« temperature will remam atatianary. The 
rapidity of the current must no dolibt hasten 
the equilibrium^ but the degree of cold thns 
induced will be stHl the same. A littie.re^ 
flection may discover how this takes plaoa 
Thougib the humid surface has now ceased to 
grow colder, tibe dispersion of invisible ybt 
pour, and the corresponding abstractioli of 
heat, still ccmtinufe without intermission. The 
saaoae medium, thqrefore, whidbi transports the 
vapour, must also iuriiish the portion of heat 
required for its incessant formation. In fact^ 
after the water has he&a cmce cooled down, 
each portion of the ambient lur which comes 
to touch the evaporating surface must^ from 
its contact with a substance so greatly denser 
than itself, be likewise cooled down to the 
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some fidandnd^ and itmst henc^ communl- 
ad:e to the liquid its sutplttd faeat^ or tli^ 
d^SUkxBoce b^:we0n the prk>t and the &ahws^ 
quait; state of the sdlf^ent^ a»d trhich is pro^ 
portioned to the diminution of temperMttre 
it has suffered4 Every is^dl of air that in 
mticcemoD. enoirbles the humid mass, while 
it:absm'bs, aicmg wit^ the moisture whid^ 
it dissolves, the measure of heat necessary 
to cibnr&t this into steam, does at the same 
iiuttjmt thus de|yo6ite an equal measure 41^ 
its own fa«at, on the chill exhaling sur^ 
dtce. Hie abstraction of heat by vaporiza^ 
twh on the one hand, and oh the odier its 
lieposition at the sur&ce of contact, ate, 
therefore, opposite eontemporaiieous acts, 
whidi soon produce a mutual balance, and 
thereafter the temperature induced continues 
without the smallest alteration. A rapid dr- 
coklion of the evaporating medium may 
quid&en the operation of those causes ; but, 
so kmg as it possesses the same drying quali«- 
ty, it cannot in any degree derange the re- 
sulting temperature. The heat deposited by 
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the air on the humid surface becomes thus 
an accun^ measure of the heat spent in va^ 
ponzing the portion of mobture required for 
the saturation of that soivei^ at its lowei^ed 
temperature. The dryness of the air is there, 
fore^ under all circumstances^ precisely indir 
cated, by the depression of temperature pro- 
duced on a humid surface which has been ex.^ 
posed freely to its action. 

In this investigation^ we have only conaider^^ 
ed the effect arising from the recession or the 
quickened transfer of the contiguous portions 
of the ambient medium. But the contermi- 
nous air must besides communicate heat to 
the water by pulsation ; and consequently the 
balance of temperature would be liable to in-i* 
cidental variations) if moisture, with its em- 
bodied heatr were not likewise abstracted by 
some corresponding process. * And such is the 
harmonious adaptation of these elements. The 
discharge of vapour appears to be subject 
precisely to the same conditions as the emis- 
sion of heat, and in both cases the proxi«- 
mity of a vitreous or a metallic surface pro- 
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duces effects which are entirely similar* Let 
two pieces of thin mirror-^ss^ or what is 
called Dutch plate^ be selected, about four 
inbhes and a half square ; and having applied 
a iBinooth coat of tinfoil, four inches square, 
to one of dfceisie, cover them both with a layer 
of the thinnest goldbeater's, skin, which will 
adhere closely on being wetted, and after it 
has again become dry^ cut it on each into an 
exact square of four inches md a quarter : 
Now place the two glass plates horizontally 
in the opposite scales of a fine balance, and 
iuljust them to an exact counterpoise ; then, 
with a hair pencil, spread two grains of wa« 
ter over the surface of each pellicle : in a 
few seconds, the plate which is coated with 
tinfoil will preponderate, and after the former 
has lost all its moisture, this will be found 
to retain still three-tenths of a grain. The 
proximity of the subjacent metal to the hu- 
mid surface, therefore, impedes the process of 
evaporation, in the ratio of 17 to 20; the very 

■ 

same, as in like circumstances, had been the 
retardation of the efflux of heat. From this 
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and other experiments, we learn, that some 
constant portion from a humid surface is al-^ 
ways abstracted by the pulsation of the aerial 
medium. The steam exhaled, in uniting with 
the air, communicates to this elastic fluid a 
sudden dilatation, which will continue to pro* 
pagate itself iti successive waves. 

Nor is the mode of transmission, by the 
play of alternate pulses, confined to heat tind 
moisture alone; Wftells would appear to be 
conveyed through the atmosphere by a simi- 
lar agency. It is well known that, though 
the wind disperses widely the odorous parti* 
cles, yet their scent will, to a certain way, pe- 
netrate even against the current Nay, the 
action of smell may, by means of a tapering 
tube, be concentrated on the nostril, nearly 
afber the same manner as the impressions of 
sound are collected and heightened in the edr* 
trumpet. Having spread musk over a circular 
bit of pasteboard, I placed it a few inches be^ 
fore a small metallic reflector, in the focus of 
which was suspended a glass bulb covered with 
cambric, and another similar bulb set an inch 
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irom it : In a few minutes, these were 
both ezatnined, and the one which had oc- 
cupied the focus smelt more strongly of musk 
than the other. The experiment was next 
varied, by stretching across the speculum a 
sort of chaplet of peap-blossoms, marked with 
slight incisions ; on presenting a small disk 
of pasteboard covered with dry ammonia, the 
blossoms became of a greenish hue where- 
ever the juices transuded, but the colour was 
evidently the most intense near the focus. Li 
these cases, the odorous substance must, in 
the act of dissolving in the air, have excited a 
sort of pulsatory impression like that which is 
caused by the production of sound. The only 
difference appears to lie in this, that smell and 
moisture, consisting of matter sensibly ponde-* 
rafale, somewbat resemble wrecks floating on 
the waves, and are consequently not carried 
forward with the same accuracy, or to such a 
great distance, as heat, which possesses the 
inherent and extreme subtilty of light itself 
Having therefore ascertained the great law 
of evaporation, and shown that the cold- 
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ness oocasioned by it, is not, in any degree,: 
affected by agitation or other extraneous 
influence, nothing seemed wanting to con-^ 
struct an Hygrometer on just principles, but 
to contrive a thermometer that should maik 
the smallest alterations of temperature. At 
first I employed a very delicate thermometer 
with a short range, open at the top, where 
a small cap of glass or ivory .was attached. A 
cup made of thin porous earthen-ware, nearly 
of the shape of a lady's thimble, but some^ 
what larger, and filled with water, was expos- 
ed to the air, while the thermometer lay be-* 
side it in an horizontal position. (See Jig. ^) 
Afi;er a few minutes, the thermometer was 
lifted up and plunged vertically into the cup ; 
and the thread of quicksilver^ which had ex- 
tended through the whole length of the bore, 
being, by this change of position, cut off at 
the top of the tube, immediately contracted, 
and marked, by the space of its descent, the 
diminution of temperature in the liquid. 
On a larger scale, but altogether uncOQisci-^ 

« 

ous of the true principle, the natives of the 



• % 
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more sultry dimiites have long practised the 
method of artificially cooling their liquors by 
means of evaporation. The rude species of 
pottery so common among such people, could 
not fail to suggest the application. The Moors 
introduced into Spain those unglazed earthen 
jugs, named bucaros or alcarrazas, which, be- 
ing filled with water, present to the atmo- 
sphere a surface constantly humid, and fiir- 
nish by evaporation, during the dry and hot 
weather, a refireshing beverage. The same 
practice has been adopted by degrees in va^ 
rious parts of the south of Europe. In In- 
dia, during certain months, the apartments 
are kept comparatively cool, by dashing wa- 
ter against the matting of reeds or bamboos, 
which line the doors and the outside of the 
walls. Even the more luxurious mariners, 
in their voyages between the tropics, are acn 
customed to cool their wines, by lapping 
the bottle with wet flannel^ and . suspending 
it fi-om, the yard or under the cabin-windows. 
In all such cases, the efieet is accelerated, 
though not augmented) by the swiftness of 
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the curx^nt of air« What hare been called 
Egyptian coolen, and lately iproduced by our 
potters^ are less perfect in their bperatioii. 
Being very thick, they require only to be 
soaked in water, and the evaporation from 
their surface cools the adjacent air. On the 
inside, however, where the bottle is placed, 
the action, in consequence of the confined htt- 
midity, must be enfeebled. In damp weather, 
those vessels are entirely useless. 

The mode above described, for discovering 
the dryness of the air, though susc^tibie 
of considerable precisioii, yet, as it always re-* 
quired a sort of manipulation, was not quite 
satisfactory; and, in meditating farther on the 
subject, I was led to the invention oi the Dif^ 
fsrential Tkermometer^ an instrument extreme^ 
ly simple in its construction, and of singular 
utility in various delicate physical researches. 
It is indeed only a modification, though a 
most essential one, of the air thermometer, 
consistinjg of a recurved or double stem like 
the letter U, terminated by two holloW 
balls which contain air, and holding an interi* 
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mediate portion of sulphuric acid tinged with 
parnii]fte# the only substimce apparently that 

w 

will, under the peculiar circumstances, strike 
a fin@; aiyl penuaoent colour. When these 

bdUs are of the s^na:teQxperature, the liquor 

» 

will rCTiajn . stationary j but if one of the 
j^alls be.^^armer than the other, the liquor, 
ufged by the increased ;^Ia3ticity of the air; 
will descend proportionally on that side* r The 
reason lifhy I pr^r : such a fixed and ponde* 
rpqis liquid as sulphuric ^cid^ is that) in the 
s})h^ueot changes of temperature) it n^ty 
QOt aiect the dryness, and therefore eja^ticir 
ty, of t^ included mass^ of air which press 
against it. , Alcohol 19 lighter, itnd, in its mo- 
t^o^ip, nimbler ; ]but then, by mixing its var- 
pour with the . differei^tly heated portions of 
air^it would dil^lie th^ca unequally, and disturb 
tjbi^ accuracy of the, ipdication, : To measure 
t^ difl^rcince of heat between the two balls, 
\ have , adopted a mUligrade scale, or I dis^ 
tinguiah the whole interval between freezing 
and boiling water into 1000 equal parts. (See 

Jig* IJ 
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Ifihib biall of ike <)iffereiitial thermometer 
tiiat server M A reservoir of the liquid, be gilt 
compl^el J with thic^ ailv^ leaf, Ihis modi- 
ficatioA will form the PyrMnope* ; ftn inBtru* 
tnent which iift adapted to measure the {>i]ldik 
toiy commotion of liie air^ or the intensify 
of the heat darting continually fiom the fire 
into a room. Hie hot pulses are mostly 
thrown back from the bright metallic surfiice, 
but, upon the naked ball of glass, they pro- 
duce their fiill impression, and consequently 
make the coloured acid to sink proportion^ 
ally in the stem. In this construction, the 
light of the fire, which is always comparatiye* 
ly feeble, passing through the diaphanous 
ball, and being reflected d-om the brffliant 
convexity of the otheri^ has no disturbing in^ 
fluence. Tkie calorific action marked by the 
pyroscope diminishes^ on receding fix>m tiie 
fire, in the ratio c^ the square of its dis^ 
tance ; yet such is the sensibility of this in^^ 
strument, as to be stiU aflfected at the re* 
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* From wv^fjirct an4 vwiiHtfAtUi I examine* 
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iiKitest part of the room. Haced therefore 
at the same given distance &caxkBuy grate, k 
will indicate the absolute force of the fire, 
or win measure the tide of heat which flowB 
into the apartm^it. l^e feciltty of making 
observiitions of this kind ihay, it is evident, 
be of considerabje use in various practicdL 
concerns. To insure the accuracy of the in^ 
strument, howevfir, the metallic coat should 
be very car^uUy applied^ and no external 
traee left of the sicsja which is employed to 
fix the silver leaf. The ordinary modes of 
gilding aiMl aMinelling are insufficient^ 

But the pyroscope will mark likewise the 
pulsatkms fit»n 9f cold surface. In a warm 
room, it is yiably affected at ^ few inches 
firdm an earthen ysig filled with water just 
drawii fi*om the well« A sheet of wet paper 
stretched before the counteracting balls, will 
also, when the atmosphere is tolerably dry, 
produce, from its chilkd surfiu^e, a certain 
corresponding impression. 

This instrument serves besides to confirm 
the existence of the hot or cold pulses excited 
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in the air. Having procinred a cone of jp^ 
ni^ed tin» widi^he top cut off, near 6 inches 
wide at the mouth, and about 14 inches long, 
it was divided, in the direction of its axis, 
into twaeq^d portions, the Wde of «ch«f 
them being painted with lamp black. TurOr 
ing one of these semi-cones towards the fire, 
and setting in j^ts narrow neck the naked or 
sentient ball of the pyroscope, (be impressiim 
was increased fjrom 20"^, its direct and unaid- 
ed effect, to 25"^ ; but, on adapting likewise 
the other half of the cone, it rose to no less 
than 70^. Now if such augmentation of heat 
wiere occasioned by any internal reflections, 
the effect would only be doubled in the comr 
plete cone, or carried from 25 *" to 30°. This 
great accumulation must, therefore, be re^ 
ferred to some other source; and what can 
appear more probable as the cause, than the 
gradual concentration of the aerial pulsations, 
in their advance to the ball of the pyroscope? 
If the differential thermometer have one 
of its balls diaphanous, and the other coated 
with China ink, or rather blown of deep black 
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« 

4!^iiaihel, k will beoome a Photametef^^y and in^ 
dicate the comparative ^orce of the light to 
which it is exposed. -The rays which fall on 
the clear ball pass through it/ without suffer-^ 
ing obstruction ; but those which strike the 
d^k ball are stopt and absorbed at its sur^ 
&ce^ where^ assuming a latent ferm^ they act 
as heat This heat will continue to aceumn^ 
late, till its farther increase comes to be coun- 
teracted by an opposite dispersion^ caused by 
die rise of temperature .which the ball has ac^ 
qpiired. At the point of equilibvium, there^ 
fore, the constant accessions of. heat derived 
from the action of the incident lijght, are ex-^ 
aetly. equalled by dae corresponding. portions 
of it, again abstracted in the subsequent pro« 
cess of cooling. . But, in stUl air,, the rate of 
eooHiig is, within imoderate limits, propor^ 
to the excess of the temperature of a 
surface above that of the surroundinxr 
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iience tne space torougii wtaicn 
the coloured liquid sinks in the stem, will 



* From ^f lightf and ftil^tf, a measitr^* 
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measure the momeiitary impressi09is of U^t 
or its actud intensity. To prevent any ex« 
traneous agitatitm of the^ air from acodeta^ 
ting the ^sdiarge of heat at the surf aoe of the 
black baU, and thereby diminishing ^e cpiftn* 
tity of aggregate effect, the inatf umient is al* 
ways sheh^edf and niore efl^ecia% out >of 
doors> by a thin ghuBS case. - Thet addition of 
this traiislttcid case is qidte iiviispensfiMe. It 
not cmly precludes ail irregvilar aotion> but 
maintains, around the sentient part of the in^ 
atrument, an atmosphere of parpetual calm. 
Under the saine force of incident li^t^ the 
temperature of the black ball mu«t still eiae 
to the same height above that iif its endr^ 
diing mediunu The case will evidently hate 
some influenoe to con&w the heat aefcuallj 
received, and hence to warm up the internal 
a^r. Wherefiyre, corresponding to this esseess, 
the blade ball wiH acquire a &rther eleva- 
tion of temperature ; but the clear bail, being 
immersed in the same fluid, must expeiieoee 
a similar effect, and which will exactly coun«* 
terbaknce the fcmner. The difference of 
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temj^iftture between Hob opposite balls tbua 
oontinuea uniatei^; m^ neither ha» the sm 
oar tbee^peof the <9ae» nor the y«riable ai»^ 
9f tbe exterior iU3»09phere with reppect to 
test qf agitation, my iiifliienoe whatever ta 
derriii^ . ot modify the resulta e^bited by 
41118 deUeate instnttneiit. The photometer 
^(hUMJts distinctly the progress of iUumina* 
tim fidm tlie ]»amng*0 dawn to tii&e full vi-> 
goiur of nooBt aod thence ita gradual dedinfr 
ttll ememag has t^nead h& sober mantle 3 
it marks tilie growth of U^pbtifrom the wintor 
to^Aate to the heij^ of siimmer, aod its.sub* 
taquent decay tfaaov^ the dusky shades of 
antmnn. t and.it .«aahleB us to compare, with 
OMBieriai aoeuracy, du bri^itnsss of diflbr 
rant oomitriesr-^the briliaaat sky of Italy, fbc 
imtiaicef with thie marliy air of HoIlaniL 

Bat^ with respept to photometiriail obser* 
vations, I have not yet had opportimities for 
coUectiiig a sufficient body of &cts. In the 
kkitiide of Edinburgh) the direct impreiiifui 
of the aun at noon^ during the summer sol* 
stioe, amounts to 90 d^g(ee$ ; but it regular* 
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ly declines) as his rays become mote oUique* 
At the ahitude of 17°, it is already rediiiied 
to the one half ; and at 3*" above the horizon 
the whole effect exceeds not 6ne degrefei In 
the same parallel of latitude, the 'greatest 
:^rce of the solar beams, in the'dqjth of 
winter, measures ohly 25 degrees, ^eir 
dimibi^hed vigour is evidently cau)^ bjr 
the dispersion and abtorptii^ ^ wlridb. c thej^ 
must suffer in their protract^ * slanting '^M^ 
sage through the atmofi^hereJ /Between. a 
fourth and a fifth part of ^Ue ^hole light of lite 
sun is lost in a vertic^ descent t6 the rau&ce 
of the earth; but, in bur insular sky, a^thiH 
haze, evep during the finest wboth^rvigmie^ 
rally floats near the hoiizon, and :tbe messm* 
sive waste corresponding to each equal mun^i* 
ber of aerial , particles which a 'very ofaiiqiie 
ray enoounteis in its track, will often-amount 
to. the thirds 

Of the quantity of. indirect light which is 
reflected from the sky, we are apt to form a 
false estimate, in consequence of its being so 
much attenuated by diffusion. Baty thou^ 
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extremely ftuctuatitig^ it is (^en very consi- 
d^aUe^ . In this climate^ it ihay amount to 
80 or 40 degrees in summer, and to 10 or 15 
ifi wintefi * This secondary light is most 
p<„,«fU wh«. the d.y k oveT«p««J with 
tkin'fl^eey douds j it is feeblest in two very 
iKflferent coiMMtions,— either when the rays are 
Obstnu^d by a mass of thick congregated vdr^ 
pgiirs,— Or when the atmosphere is quite clear 
aad-of a pure axiiro tint. In mists and low fogs^ 
the dittiikifttion of the light is comparatively 
fiiUiall^ it being then a&cted more from indis^ 
ttnctliess tl^m through any want of intensity. 
When the sky is obscured by a dense body 
of eloudSf the daarknfiss seems to be much in-^ 
creased in proportion to die obliquity of the 
Mlar rays. In summer, the photometer, 
placed in die open air at noon, seldom or ne^ 
v&^ mw*lra less than 10 degrees j but, in some 
of ^ those sable-shrouded days, which, in this 
temote r^on, deform the winter, I have re* 
l^eatedly observed, that the whole effect, xm- 
der similar circumstances, did hardly exceed 
even one degree. 
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lu the higher r^gion^ of the atmosph^i^ 
the rays of the »U»5 opt bei)i^g wpajifed bji 
such a length of pawfige^ «r© more v^oioua 
than at the Bttrf^ee'of th^ essth ; but the d\£i 
fu8^ indirect light of the sky, m %%m refl@(^ecl 
from » rfirer piasfiof »ir, i^ fchfsn^iie fffppM'» 

tionfilly feebler. It would be fljost inte?«efilh 

ing, to make oba^j^lutlonfi of tm% kind on the 
lofty 3umimt$ of iJin& Alps <»* the AndcMt 
The traveller who yisita those elevated tna^^ 
is struck with th^ daj^k hue of the fM^me ext 
panse, through whii:^ his keen eye ni9y» evm 
during the day times discern the b^igbtcar |^ 
netts and some stajw of the first mag^t«d& 

When the photometer stands quite detach* 
ed out of doors, it muit evid^tktly receive dw 
rays which come firmn fdl sides. Bui set'w 
the inside of the mndow, it cm only fedi .tib 
imiNression pfiused by 4 part of tbe.si^.i «od 
nnliess it chance to firont the quftrter .'£k4o 
which the 9m thmes, it will these sddam itt» 
dicate more than 15 deuces. Qm. dmiriog 
the instnmieiit bac^ into the room, the eflGnil 
will rapidly decrease ; for the inteii^ty of no* 
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ttmt is obviouBly prqKMrtionai to the visual 
space included by tlie window. Neat two 
dkg^eeB of light are reqaked, to enable one 
to read .or write with pleasure; a greater por<- 
tion^of it ofifenda by its excessive glares and a 
mmh smaller quantity tires and strains the 
^yfis* 

Placed in open air, the ^bbtometer is not 
cmly affected by the light sent from the sky^ 
but also^ in some measure^ by what is reflect^ 
ed from the ground* This derangement, how** 
eirer^ is generally v^sty smaU, and may easily be 
eschided ateogetiber, by fixing a black screto 
or dbrcttlar horismital rim about the glass-case 
Bear the top^of the scale. The reflection from 
s green fidld perhaps exceeds not the twen* 
tieth part of the whole incidence ; but it inw 
lareases considerably as the colour indines 
to whiteness. From b smoctii sandy beach^ 
ihe :neiectedr li^it will amount to the third 
fMJCt io£^what in received from ihe dky $ and 
fiom A wide.sur&ce of snow^ it will readi to 
five-sixths of the direct impression ; the nu. 
nterous fiicets of the bright snowy flakes^ 
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which are pr^ented in every posriWe po- 
sitibn, detaining only onersixitii of the ind- 
dent rays, and souttering the nest in all dii* 
rections^ ... 

The photometer afifords a' ready niode of 
ascertaining the various degrees ' of iaaiisj^ 
rency. Of 100 parts of the whole incident 
light, caitibric transmits 80, and^ wfateh wetted, 
93» Fine paper suffers 49 parts, to. pan 
through it ; but, ' soaked in. oil, it will allow 
the passage of 80 parts. The wide dispenion 
which the rays suffer in traversing paper and 
other like substances, clearly shows that they 
are not sent directly through the supposed 
vacuities or pores, but escape by some intricate 
tracks,a]id experience in their progress variooi 
deflectiohs occasioned by the repulsive and 
attractive enei^es of the proxiizittte inattee. 
The addition of water or oil to the oanibric or 
paper, forms a real chemical union^ andbe*- 
stows on the compound an intermediate cha- 
racter, more nearly inclined however to the 
nature of a fluid. 

By help of the photometer, we can esti- 
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ififtte the niatiye density of various artificial 
Ughts, and even compare their power of illu- 
mination with that of th€i solar raySi^ But 
into this inquiry, however practically useful, 
I bare scaircely entered at all. On placing 
tiia balls of the photometer two inches from 
Aeflameofanordixmrywaxcandje^anim. 
.pression was received of six degrees; and, on 
gradually drawing back the instrument, this 
^ect diminished^ a^ we might e:!^pect, in the 
S9tio of the square of the distance. Conse^ 
queatly, at the distaqee of four feet, where the 
Ibme would Resent to the photometer the 
4same visual magnit^de as the sun himself, its 
action would be reduced to the 96th part of a 
4)egr?e» But the full impression of the solar 
j»ys, if not enfeebled by their passage through 
.the atmosph^», would amount to 125 der 
gveea. Wherefore the light emitted by the 
sun is 96 timfBs 125, or 12,000 times more 
powerful than that of 9 wax candle ; or, if 4 
portion pf the luoiinous soUr matter, rathe? 
leps than half an inch in diameter, were transr 
ported to our planet, it would throw forth ^ 



62 lUSLATiaNS OF AIB 

blaze of light equal to the effect of twelve 
thousand candles. 

Since the operation of the photometer d& 
pends, on the mutual balance of the actioil of 
light, with its subsequent effort to difiuse it- 
self in the latent form of heat, this instrument 
is hence fitted to discover, with dielicate pie^ 
cision, the relative conducting powers^ not 
only of different gases, but of the same ^ 
in its various states of modification. While 
the absorption of the incident rays continue! 
the same, the change of temperature whidi 
they produce on the sentient ball must be in 
the inverse ratio of the energy of the refrige- 
rating process. Under an equal degree of ab- 
sorption, a metallic surface is twice as much 
affected as one of glass, because, by its cofi^ 
Btitution, it cools twice as slow. If the sur- 
rounding medium conduct the accumulate 
heat more tardily than before, the impression 
made on the opaque ball will be augmented ; 
or if, on the contrary, it performs the dlq[>er* 
sion with more rapidity, the eflfect will be 
proportionally diminished* 
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For the investigation of the conductitig 
powers of different media, I prefer a photome^ 
ter of the simplest kind, being no other than a 
diffi^ential thermometer with strai^t upright 
stems, and haying its ^ntient ball blown of 
biack ^btes, oi* coated wil^ a leaf of coloured 
' metaL Set on the transferrer of an air-pump, 
it is then covered by a narrow receiver, of a 
dear uniform substance, and swelling regu<* 
larly near the top. The induded air cm thus 
be Hirefied to any required degree, and other 
gases occasioAilly introduced in its place. In 
this ' 'State, the instrument is exposed to a 
bright sun, while another photometer, of the 
ordinary construction, and placed in a simi<^ 
lar situation, serves to measure the correspon* 
dittg effects. 

While the eomparative photometer indi^ 
ttHxH 100 degrees, the impression made in air 
whidbi had been rarefied 25& times, amounted 
to 185 our the ball of bladk glass, and rose 
even to 6S0 m a coat c^ coloured metal. In 
audi a thin medium, therefore, the heat is 
conducted nearly twice as slow from a vitre- 
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bus suciace, and moi?e thaa three. times slower 
from a metallic one. But, in hydrogen gas of 
the icommon density^ the . e&cbf : compared 
with the. same standard, was <mly .44 degrees 
on a black ball and 56 on a gilt ball. ^ This 
gas hence conducts more than .twice as &st 
as atmospheric air from a sucface of. g^s, 
and ahnpst four times /aster from one of me- 
tal* The same gss being rarefied 256 timesy 
its impression on the black .ball was 96 de- 
grees, and on the gilt one 156, being more 
than doubled in the former, Bisd almost trl* 
pled in the latter. . If the rarefaction be there- 
fote pushed to a certain length, hydrogen gas 
Avill haye its . conducting power . reduced to 
nearly the same as that of common air. 

The photometer has two general forms ; 
the one portable^ in. which the black ball is 
about an inch highet than the other» and bent 
forward to the ^ame vertical line or the axis 
of the translu^id jcyliridricai case, (seejig*^); 
and the other statwmvjf^ having both its baUa 
of the same height, and reclining in opposite 
ways ; the case being composed of a wide cy- 
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sunftoimted hy ike larger segment of a 
faolk>w glan sphere. (8eefig,S.), The portable 
photometer admits likewise an dater case of 
^bcffxj or xosSoiQgBsAy^ whic^ not only protects 
it from risk or injury, bat oCcadioimUy serves 
when out of door i iox iKilding it in an erect 
positicm. The other form of the instrumeni, 
liorweyeri thou^ in some respects lets con^ 
modious, is yet on the whole better adapted 
ioft nice observations, since besides receiving 
the light more r^plarly, its balls, from being 
mt the same level, are not liable to be any 
bow disturbed in their ihdieatioiiks by the dii& 
iercnt strata of unequally heated air. 

But the sensibility of the photcmieter may 
be very considerably alimented, by help of 
a judicious combination of cases. If the black 
baQ be eocirded by a series of concentric 
diells <^ gltts^ thoi^ they freely admit the 
influx of 1%^, yet they wiU greatly retard 
its subsequent dispersiim in the form of heiit, 
and therefore promote a high degree of ac- 
cumulation. Nor is the impression thus eli- 
cited at all disturbed or diminished, by any 

E 
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counteracting efforts of the dear ball, which 
being situate without theinclosure and in open 
space, maintains the temperature of the atmo- 
sphere. These spherical shells, each compos- 
ed of two adapted segments, are chosen as 
thin and clear as possible, then: diameters ris- 
ing in regular succession, by a difference. of 
at least half an inch. Every additional case 
would nearly double the impression which 
is made on the instrument. With six cases, 
therefore, it would become ten times more 
sensible, and consequently fitted to measure 
the dilute shadings of light. The extent.of 
the scale must necessarily be contracted . in 
proportion to the enlargement of the degrees. 
There is still another photometrical combi* 
nation, but which is calculated only for mea» 
suring parallel rays. 1% coiisists of a small 
reflector made of copper plated with silver 
and nicely hammered into a de^p parabolic 
figure, the black ball of a wide differential 
thermometer being fixed in the focus, and 
the firont of the speculum covered with a circle 
of clear glass having a slight degree of con- 
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vexity. This compound instrument, placed 
at the remote side of a room and directly 
facing the window, will indicate, with great 
precision, the very minute and variable quan- 
tities of light which, during all the changes 
of the seasons and fluctuations of the^ky, will 
penetrate across an apartment. 

Tlie ball of the differential thermometer 
which contains the supply of coloured liquid, 
being coveifed with several coats of cambric 
or tissue paper, and wetted with pure water, 
the instrument how forms a complete Hygro^ 
meter ; for it will mark, by the fiescent of the 
column in the opposite stem, the constant di- 
minution of temperature which is caused by 
evaporation from that humid surface, and it 
must consequently express the relative dryness 
of the ambient air. In a very short space, sel- 
dom indeed exceeding two minutes, the fulj 
effect is produced ; and under the same cir- 
cumstances, it will continue unaltered, till the 
whole of the moisture has exhaled. To ex- 
clude (entirely the mixture of photometrical 
influence, or prevent any derangement which 
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the actipB of light might otherwise occasion^ 
the opposite balls are made to exhibit nearly 
the same colour and opacity^ the naked one 
being blown of green or blue glass, and the 
papered one besides covered with a bit of 
thin silk, of rather a light shade, so as to 
teke a deeper tint when moistened. 

The hygrometer has, like the photometer, 
two different forms ; the one portoMcj and 
the other itoHonary. The former, having its 
baBs in the «me perpendicular Une, i, pro- 
tected by a case of wood or ivory, and fitted 
for carrying in the pocket; two or three drops 
of pure water from the tip of a quill or a hair 
pencil being applied to the surface of the co* 
vered baU, and the instrument held in a ver« 
tical position as often as it is used. CSeeJig.6^). 
The latter form is calculated for somewhat 
greater accuracy than the other, since its balls, 
though bent opposite ways, are on the same 
level. In this construction of the instrument, 
the covered baU^ after being once wetted, is 
kept constantly moist, by means of some 
fibres of flossHsilk passing dose over it, and 
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immerded, at the distance of a few inches in 
a tall glass decanter full of water, with a stop- 
per which leaves open a small projecting lip« 
(Seefg. 5.). The capillary attraction of these 
filaments conveys the liquid to the surface of 
the humid baU, as fest as it wastes by evapo- 
ration ; but to insure their regular action, the 
silk should be previously soaked in hot water« 
to extract any gum that may adhere to it, 
and the mouth of the decanter should stand 
a little higher than the balls of the hygromcf 
ter. When thus arranged, the hygrometer 
will, without any help, perform accurately 
for weeks or even months; and after the 
silky filaments have become choked with 
dust, their activity may be again restored by 
washing them carefully with a fine wet 
brush. 

The condition of the atmosphere with re- 
spect to dryness is extremely variable. In 
our dimate, the hygrometer will, during win- 
ter, mark from 5 to 25 degrees ; but, in the 
smnmer months, it will generally range be*- 
tween 15 and 55 degrees^ and may even ris^ 
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on some particular days as high as 80 or 90 
degrees. In thick fogs, the mstrument stands 
almost at the beginning of the scale ^ it com- 
monly faUs before rain, and refaiams low du- 
ring wet weather ; but it mounts powerfully 
in continued tracts of clear and warm wea- 

4 

ther. The greatest dryness yet ^oticed, was 
at Paris in the month of September, when it 
reached to 120 degrees. But for want of 
observations, we are totally unacquainted 
with the real state of the air in the remote 
and tropical climates. 

When the indication of the hygrometer 
does not exceed 15 degrees, we are directed 
by our feelings to call the air damp; from 30 
to 40 degrees we begin to reckon it dry; from 
50 to 60 degrees we should account it very 
dry, and from 70 degrees up wards* we might 
consider it as intensely dry. A room is not 
comfortable, or perhaps wholesome, if it has 
less than 30 degrees of dryness j but the at- 
mosphere of a warm occupied apartment wiU 
commonly produce an effect of upwards of 
50 degrees. 
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But this hygrometer wiU perform its office 
even if it be exposed to frost The moisture 
spread over the surface, and imbibed into the 
coat of the papered ball, will first cool a few 
degrees below the freezing point, and then 
congeal quickly into a solid compound niass. 
Hie moment in which congelation begins, a 
portion of heat'liberated in that act brings the 
ball back to the temperature of freezing, and 
the coloured liquor, in proportion to the cold- 
ness of the external air, starts up in the oppo- 
site stem, where it remains at the same height, 
till the process of consolidation is completed 
After thie icy crust has been formed, evapora^ 
tio^ again goes regularly forward ; and if new 
portions of water be appUed, the ice will, from 
the imion of those repeated films, acquire a 
thickness sufficient to last for several days. The 
temperature of the fi*ozen coat becomes lower- 
ed in proportion to the dryness of the atmo- 
sphere. Tlie measure of heat deposited on 
the chill surface by the contact of the ambi- 
ent air is then counterbalanced by the two 
distinct, though conjoined measures of heat, 
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the exterior film of ice into water and ikm 
water into steam ; wfaidi transformations tbi4; 
minute portion must undergo, before it can 
imite with its gaseous solvent. But the heat 
required for the melting of ice being about' 
the seventh part of what is consumed in the 
vaporization of water, it follows that the 
hygrometer, when die surface of its sen- 
tient ball' has become frozen, will, in like 
eircumstances, sink more than before bj 
one degree in seven. Hiis infer^Eice is en^ 
tirely confirmed by observation. Suppose, 
in frosty weather, the hygrometer, placed cm 
the outside of the window, to stand at 2S 
degrees ; it may continue for some consider- 
able time at that point, until the congelation 
of its humidity commences : but afler this 
change has been effected, and the equilibrium 
again restored, the instoiment will iiow mark 
89 degrees. - 

Hie theory of this hygrometer will ^able 
us to det^mine not only the relative, but 
even the )ibs<dttte cbyness of the aii or the 
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qiumtity of moisture which it can absorbs by 
oomparing the capacity of that solvent with 
the tneasiire of heat i«quired to convert a 
given portion of water into steam. To dkr 
isovef the capacity of air^ is however a pro* 
Mem of great difficulty, and it has not been 
yet asoertamed with much precision. It is 
genenlly estimatedf I am convincedt by far 
too high ; and from several concurring oh- 
servsrtiions, I should redkon the capacity of 
air to be only three^^ith parts of that of 
water. But 600 centigrade d^reea^ or 6000 
on the millesimal scale, being consumed in 
the vapcnriisatiim of water, this measure of 
heat would prove sufficient to raise an equal 
mass of air 16,000 millesimal degrees, or 
those 6000 d^rees augmented in the ratio 
of 8 to 3. Now, at the state of equipoise 
the quantity of heat that each portion of the 
aerial medium deposites in touching the chill 
exhaling surface, or what answers to the de- 
pression of temperature which it suffers from 
this contact, must, as we have seen, be ex- 
actly eqiud to the opposite measure of heat 
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abstracted by it in dissolving its correspond- 
ing share of moisture. Wherefore, at the 
temperature of the wet ball, atmospheric air 
would take .up moisture amounting to the 
16,000th part of iU weight,^ for ea)ch d^ee 
marked by the hygrometer. Thus^ supposing 
the hygrometer to mark 50 degrees, the air 
would then require humidity equ.1 to the 
320th part of its weight for saturation at its 
reduced temperature. When the papered 
baU of the hygrometer is frozen, the degrees 
on this instrument must have their value in- 
creased by one-seventh, so/ that each of them 
wiU now correspond to an absorption of mois- 
ture equal to the 14,000th part of the wei^t 
of the air. 

But the value of those degrees becomes 
augmented in a much higher proportion', if 
tHe hygrometer be immersed in hydrogen gas. 
Since this^ ^ry dilute^medium has ten times 
the capacity of common air, the quantity 
of heat which, under similar circumstances, 
it will deposite on the evaporating sur&c^ 
must likewise, from the same principle of 
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mutual balance, be tenfold greater, and conse-- 
quently each hygrometric d^ree will indicate 
an absorption of moisture equal in weight to 
the 600th part of the solvent The energy of 
hydrogen gas is therefore not less remaik-» 
able in dissolving moisture than in contain* 
ing heat 

If a large receiver, having a delicate hy*^ 
geometer suspended within it, be placed on 
a brass plate and over a metal cup containing 
some water ; the included air wiU, from the 
solution of the moisture, become gradually 
damper, and this progressive change is mark-* 
ed by. the instrument Yet the mass of air 
will nevCT reach, its term of absolute humidi-^ 
ty, and before the hygrometer points at 5 de* 
gKies, the inside of the receiver appears co- 
vered with dew. . While the humifying pro- 
cess therefore still goes on^ the close attrac* 

* 

ti<m of the glass continually robs the conti- 
guous air of a portion of its moisture ; so 

■ 

that, aMnd of perpetual distillation is main- 
tained throu^ the aerial medium ; the va- 
pour, aucceasively^^rmed, being again con* 
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densed on the vitreous sur&ca But if, in* 
stead of the receiver, there be substitiyted a 
vessel formed of polished metd, tibe conBiied 
air will pass through every possible degree of 
humidity, and the hygrcmieter will, after tome 
interval, arrive at the bi^nning of its scale* 

The contrasted properties of a vitreous and 
a metallic sur&ce in attracting and repelling 
mobture, may be shown rtiU more easily. In 
clear, cabn weather, let a drinking glass and 
a silver cup be placed empty near the ground, 
on the approac^i of evening; and as the damp- 
ness begins to prevail, the glass wiU become 
insensibly obsciired, and next wetted with 
profuse dew, be&re the metal has yet betray* 
ed any traces of humidity. 

Glass and the m^etals, particularly silver, 
thus again manifest similar dispositions with 
respect to heat and m/Msture, and their distino* 
tive powers would seem to proceed from the 
same cause, or from the different approodma* 
tions of liie atmospheric boundary. But this 
conclusion is at once put beyond all doubt, 
by an experiment made with a modificatkm 
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of the hygrcnneten Let each ball of a }^6^ 
loope be covered with a coat of the thinnest 
gold4)eater's skin and moistened equally^ any 
excess of humidity being taken away by touch* 
ing the necks of those balls with a folded bk 
of cambric In diis state^ supposing the diy^ 
ness of the room to be 60 degrees, the co* 
loured liquor will; for the space of two or 
three minutes, remain stationary at the com* 
mencement of the scale ; but it will then be- 
gin to descend, and wQl in five minutes sink 
to 90 degrees, where it will continue for a short 
time, and aft^*w»rds slowly mount again till it 
recovers its position of rest It is evident, 
therefore, smce die opposite ^ects are at 
first completely balanced, that the same 
change of temperature must have been effect- 
ed by evaporadon on both the balls, or that 

r 

the endrding air dissolved a quantity of 
moisture at each surface exactly proportioned 
to the heat which it th^e deposited. The 
efficacy of air in wanning up such chilled 
surfaces^ was already riiown to be modified, 
by the proximity of the subjacent glass and 
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metal, in the ratio of 20 to 17. Consequent* 
ly, if the evaporation had been as cc^ious 
from the gilt as from the vitreous surface, the 
effect , produqed on the former would have 
amounted to 60 degrees, and on the latter to 
only 51 degrees ; or the liquor, instead of re* 
gaining perfectly balanced, would have sub* 
sided 9 degrees in the stem. It follows, there- 
fore, that the naked ball must spend 20 parts 
of moisture, while the gilt one loses only 17 ; 
and hence the former will become sooner dry 
than the latter, or the covered pyroscope will 
soon act partially as a hygrometer, indicating 
]the difference between the states of its oppo- 
site balls. On applying another pellicle to each 
ball, the effects of ^aporation were balanced 
for nearly five minutes, when the liquor under 

the vitreous surface b^an to sink, and in 

», • 

about ten minutes it fell to 12 degrees, from 
which it afterwards slowly remounted. More 
coats being added, simHar app^a]?ances,thoug^ 
)ess striking, were observed, till they had ac- 
quired a thickness equal to the 500th part of 
f(^ inch; after which^ no alten^tipi^ tQok plfuse, 
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and the column pf liquor was held in steady 
equipoise during the whole time that an^ 
moisture remained on both the balls* 

If the papered ball of an hygrometer be 
sufiered to becx>me dry, the imrtrument, even 
in that state, will mark, though for a short 
time only, the different conditipn of the media 
into which it is transported. Thus, the air of 
a room being supposed to have 50 degrees of 
dryness, on carrying die quiescent hygrome. 
ter into another apartment of 70 degrees, the 
column of liquor would fall neaor 20 degrees, 
from the renewed evaporation of that portion 
of moisture which had still adhered to the 
coats of paper. But if the same instrument 
were carried into an apartment of only 30 
degrees of dryness, the coloured liquor would 
actually rise, near 20 degrees above the be- 
ginning of the scale, the paper now attracting 
the excess of humidity from the air. This va« 
pour, in combining with it, passes into the 
state of water, and therefore evolves a corrcr 
sponding share of heat The equilibrium, 
however, unless the coats of paper have a * 
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considerable thickness^ iit again restored in a 
very few minuteau 

Those changes are most readily perceivedf 
on immersing the quiescent hygrometer al- 
temately in two receivers containing air 
drier and damper than that of the room. 
If a pyroscope> having both its balls cover** 
ed with gold-beater's skin^ be treated in the 
same way^ it will indicate an effect, though 
momentary indeed, of a similar kind : For^ 
in air which is drier, the pelHcle of the naked 
ball will throw off its moistm^e more &eAy 
than that of the gilt ball ; and in damper «r 
it wiU, on the contrary, imbibe the sarplua 
humidity with greater eagerness ; thus losing 
some portion of heat in the one process, and 
gaining a minute accession in the other. The 
quantity of moisture concerned in producing 
such fleeting alterations, may not exceed die 
. thousandth part of a grwi. 

The separate and distinct effects of evspo^ 
ration, — ^the coldness it occasions, — ^and the 
quantity of moisture it abstracts, — are obvi- 
ously seen in the hygrometer, as contrasted 
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wkh an infrtrament whioh I have lately formed 
to measuf e the quantity of exhalation from a 
humid 9ur&ce in a given time, and which I 
^erefere cftU an Jimom^er ^. (See fig. %.) 
This instniinent consists of a thin ball of po- 
fOU9 earthen«ware, two or three inches in dia« 
meter, with a small neck, to which 19 firmly 
^eemented a long and rather wide tube, bear- 
ing divisions, each of them corresponding to 
an internal annular seqtion, equal to a film 
of liquid t^t would cover the outer surface 
of the ball to the thickness of the thousandth 
part of an inch, lli^se divisions are ascer"^ 
tained by a simple calculation, and number-* 
ed downwards to the extent of 100 or 200 ; 
to the top of the tube is fitted a brass cap, 
having a collar of leather, and which, afler 
the cavity has been filled with distilled or 
boiled water, is screwed tight The outside 
of the ball being now wiped dry, the instru- 
ment is suspended out of doors, and exposed 
to the free action of the air. 



* From tUfiHy exhalation or vapour^ and fAii^wt a measure. 
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I 

^ Evaporation is always proportionBd to the 
extent of the humid suE&ce. If a sheet of 
wet paper be applied to a plate of glass, ifi 
will, in a clojse room, lose its weight exactly 
at the same rate, whether it be held verticalr 
ly or horizontally, and whether it ocoi]|Me9 
the upper or the under side of the pl&te. 
The quantity of evaporation from a wet balL 
is the same as from an equal plane\ surfece, 
or from a circle, having twice the diameter of 
the sphere. In thet atmometer, the humidi-? 
ty transudes throygh the porbuts substahcey 
just as fa3t as it evaporates ^ from the ex-* 
ternal surface ; and this waste is measured^ 
by the corresponding descent of the water ia 
the stem. At the same time, the tightness 
of the colla^r, taking off the pressure of the 
column of liquid, prevents it from oosing sor 
profusely a^ to drop fropi the ball ; an inco9*« 
venience which, in the case of very feeble 
evaporation, might otherwise take place. As( 
the process goes on, a corresponding portion 
of air is likewise imbibed by the moisture on 
the outside, and being introduced into the 
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ball, rises in a smdl-streamj to occupy the 
space deserted by the subsiding of the water 
in the tube. The rate of evaporation is no- 
wise affected by the quqlity of the porous 
ball, and continues exactly the same when 
tibe exhaling surface appears almost dry, as 
when it glisteiis with abundant moisture. 

ft 

The exterior watery film attracts moisture 
from the internal mass with a force inversely 
as its thickness, and will therefore accommo- 
date the supply precisely to any given degree 
of expenditure. When tihis consumption is 
excessive, the water may be allowed to per- 
colate, by unscrewing the cap, avoiding how- 
ever tkei f isk of letting it cbop from the baU. 
' In stiU air, die indications of th^ hygrome- 
ter, and those of the atmometer, bear the same 
in»portion ; and the quantity of evaporation 
• for every hour is expressed, in thousandths 
crf'an inch in depth, by tlje twentieth part of 
the hygmmetrio degreea. For ex«nple. in 
this climate the medium dryness in winter 
being reckoned 15"*, and in summer about 
40*", the daily exhalation frpm .a sheltered 
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spot wm amount in winter «i thickness qC 
.0X8, awd in smcwner tp .048 decimal parts of 
an inch. If we reckon the mean fifeijy eva* 
poration from the ground while screened at 
.030, the waste during the whole year wiU 
amount to near XI inches?, being scarcely the, 
half perhap? of what, under the circulation 
of the atmosphere, actually obtoinst The 
dissipation of moisture indeed is vastly ae^ 
celerated by the action of sweeping winds, — 
the effect being sometimes augmented 5 or 
10 times. In general, this augmentation is 
proportional, as in the case <rf oooling^ to the 
wiftness of the wind, the action of stiU air 
itself being reckoned equal to that procluced 
by a celerity of 8 miles each hour. Hence 
the velocity of wind fs easily computed, from 
a comparison of the indications of an hygro- 
meter with an atmometer, or of a sheltered, 
with those of an exposed, atmometer. Thus, 
suppose the hygrometer to mark 40 degrees, 
or the column in a sheltered atmometer to 
subside at the rate of 2 divisions each hour, 
while in one exposed to the current^ the de- 
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scent is 12 divisions ; then, as ^ iii to 10| the 
superadded effect of th6 wind, so is 8 i6 40 
miles^ its velocity during the houri 

It is curious to remark^ what a sitiall propor^ 
tion of any stred.m of t&t can acquire heat or 
moisture, by flowing over a wturm or a humid 
surface. Supposing the air to have 20 degrees 
€^ dryness, the ordinal^ evaporation would 
every hour equal a film of the thousandth 
part of an indh thicL But this portion of 
moisture would be sufficient, we have seen^ 
Id Mtaicate 800 times its weight of air at such 
a low statb of dryness ; or reckoning the air 
1150 times lighter than water, this weight 
would correspond to that of a cylinder of air 
57| feet high, and having its base equal ^o 
the sur&ce of the humid balli— or to a cylinder 
280 feet high, and of the same diameter as 
that bdl. Now, since the ordinary evapora^ 
tion at 20 degrees of the hygrometer^ is equal 
to the increased efibct occasioned by a cur^ 
rent of dr, moving with the velocity of 8 miles 
in the hour, and forming therefore against 
the ball a cylinder of 42^240 feet in height ; 
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it hence follows,' that not more than the 
184th part of this, advancing column can be 
humified, by its streaming over the surface of 
the ball. Such communication of moisture 
is no doubt confined within the narrow limits 
of physical contact. . . Each minute portion of 
air which comes to graze along the, humid 
surface has its velocity retarded, andacquir*^ 
ing n$w etailicity from the moisture which it 
disisolytss, it is quickly thrown back. into the 
current. . On the rapidity of these successive 
contacts, will depend the absolute quantity 
of :evaporation. 

But^ in perfectly calm air, the power of 
evaporation, if it be very considerable, will 
yet, as in the case of a heated surface^ create 
an'artifieial stream, which mingles its influence 
with the .ordinary dissipation , of moisture. 
When, the hygrometer marks 75 degrees, this 
current . will hsLve a corresponding veioeiby 
of one mile evj^ry hour,, and must there- 
fore augmen| the regular efiect . of evapora- 
tion 1^ an eighth part In general, to find 
the correct hourly evaporation in a medium 



'> 
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^ of still air, as expressed in atmometric divi- 
siohsy or the thousandths of an inch of sup^r**- 
ficid thickness, ^r having divided by.^ 
the number of degrees indicated by the hy- 
grometer^ let the .quotient be increased in the 
rati6 of that number to 600; Thus, if thti 
hy^grometer Were to mark 30 degrees, then 
1.5 is the. approximate measure of evapora- 
tion ; and. since .30 is contained 20 times in 
600^ the correction- to be added to 1.5 is like-* 
-wise its twentieth part, or .075 ; so that the 
houxly.evaporation, estimated in atmometric 
divisions, amounts to 1.575, and the daily to 
l&a . This correction is however in most in-* 
staiices so small, that it may, without material 
inaccuracy, be entirely overlooked. But,inxx>n- 
fin^ hydrogen gas, at the same state of dry^ 
11688, the atmometer Js as much affected asjf 
it were exposed; in open .air to a.wind having 
the velocity of 12 miles an hour ; and conse- 
quently the dispersion, of. moisture in such a 
fipj9»rfyl medium 19, like that of heat under 
such circumstances, two and a half times more 
profiise than in atmospheric air. 
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The atmometer is oq infitsrument cfvidcmily, 
of exi^nsiye iapplioatioli «ad ^ girest utility 
in prflctic^. To afcertain trith acciirdfiy dnd 
jreadiness the qu&ntity of 6yafx>!riitioa fiotti 
aiiy mr&ce in a given time^ is luoi important 
acquisition, not only in meteorolo^, but in 
agriculturei and the yorious arts and mantis 
ftpturesr The rate of eichalatiim from the steu^ 

« 

face of the ground ia scarciely of len conse* 
quence than the faU of rain, abd a knowledge 
of it might dften direOt the faimer adVanta*' 
geously in his Operations. Oli the nq^id dis* 
persion of moisture, depends the efficacy of 
drying houiies^ which are too fi^uenily coA«- 
fitructed Aiost unskilfully, or on very mistaken 
principlMi But the purposes to whidt the 
atniomet^r so aptly ap{dies, were hithi^to 
supplied in a mde and imperfect maonefi 
The loss that water sustains in a given time 
from evaporation, has commonly been esti^ 
mated by weight or measure. If a piece of 
flannel, stretched by a slender ihime, be wet« 
ted and suspended in the firee air, its dissipa- 
tion of moisture, afit6r a certain mtervalf 10 
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Ibuiid hj hd|) of accutate scales ; at if wa^ 
(er in li dbailgw pan be eatposcd itl a simi- 
lar Bitua^ni) its doily waste is detected bj 
&e application oi m &m\y divided rod ot 
gagCk Bnt these m^hods are extremely 
trodUesome, and are subject besides^ esspeei^ 
ally tiie hitter one^ to grratt inaccuiscy. Both 
the flannel and the i^Met ef wMer require to 
be shdtered against the wind and rain'} dfid 
consequently they will not e^Mbit j like the 
atmometer, the tettl eidudation which takes 
pkee from the ground. Thd bottom and 
sides of the pim must tdso, firom their estiEent 
<^dry sur&ce) alfect the temperature of the 
water, md consequently modify the qutmttty 
ofevtporation. 

An atmometer ifisptoded in s^ air might 
therefore, on tdking into account the time 
intervened, answer nearly the purpose of the 
hygrdmeter ; and this mode can be employ- 
ed with advantage, in discovering the Mean 
dSfyiiess of ttn iq)artm6ttt After the lapse of 
hours ot days. But the delicacy of the hy- 
grometer indicA^tes direc|;ly, and almost sponr 
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taaebusly, the actual dryness of the medium. 
This instrument is hence indispensable in all 
meteoTolo^cal observations^ and maly. centric 
bute essieiltially towards laying the fpunda^ 
tion of a juster and more : comptehensive 
knowledge of the various modifications whic^ 
take place in the lower regions ' of olir atnid^ 
sphere. Heat and moisture are the chief 
agent's which nature employs in producing 
those incessant changes ; and if the inven**- 
tion of the thermometer has tended so mudi 
to correct and etilarge the views of physical 
science, may not the introduction of an accur^ 
rat6 hygrometer be expected to ccmfer a si^ 
milar ben^t, and to direct our researches 
into many departments that are still unesr 
plored ? To possess the means, for instanpe^ 
of comparing distant climates, must be deem- 
ed highly important We have at length ac- 
quired tolerably compl^;e notions of the grar 
dation of warmth, in the whole extent from 
the frigid to the torrid zone ; but, concern- 
ing the degrees of dryness which actually 
prevail in remote parts of the globe, we are 
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kft merely to. draw conjectural inferences 
from a few loose reports, depending on the 
imperfect and often illusive impressions re-^ 
ceiv^ by the <^ of «„«. It ^ould be 
most interesting to ascertain the dampness 
wMdi has been supposed to pervade the 
American Continent and its adjacent Archipe^ 
lago^and to detect the dryness which scorches 
the sandy deserts of the interior of Africa, 
and parches the wide and lofty plains of Up- 
per Asia. . Nor would it be less curious to 
discover the real qualities of those singular 
winds, which) undw the names of sirocco^ har-^ 
mMofh and simoomy infest the hotter climates5 
ttid are described by travellers as working 
such strange and formidable effects on the 
animal frame. Even in this island, the sev^ 
f al winds have their distinct characters. If it 
blows from the northern quarter, the hygro- 
meter generally inclines to dr3mess ; but a 
southerly wind, along with warmth, invari- 
ably brings an excess of humidity. In clear 
and calm weather, the air is always drier near 
the sur&ce during the day than at a certain 
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hei^t ftboVe the ground^ but it beooittes 
damper on the ajiprdach of erehing^ whildi 
at some elevation, it retainn a moderate dm 

~m 

gree c^ ^tjmess thrdu^ the whole of the 
night If the sky be douded^ Itfm alterMion 
ift betrayed in the state of the airi both dti^ 
rihg the progreta of the day and 4t diffi^radt 
distances from the ground j and if wii^ pre« 
vail, the lower strata of the ataiosphere, thitt 
agitated and intermingled, will be reduced to 
a still nearer equality df conditidn. 

In the regulating oT many processes of art^ 
and in directing the purchase and selection of 
various articles of produce, the applicatiofi of 
the hygrometer Woidd render material servicet 
Most warehouses, fdr instance, require to iw 
kept at a certain point of dryness^ and which 
is higher or loWet according to th^ purposes 
for which they are designed. The printing 
of linen and cotton is carried on in very dry 
rooms, but the operations of spinning and 
weaving succeed best in ^ir which rather iiH 
clines to dampness. The mann&cturer is 
at present entirely guided by observing the e& 
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iu^ pTodttCftdf 9od hence the goocU are ofien 
shrivelled) or othemiae injw»d) b^ore he can 
di(Kx>ver »oy olteiwdon in the state of the 
medium. But neeve aa ,hygrQmeteri eveix 
of the moat ordisBiy cooatniction* placed hi 
the room* it would exhibit every Jiuccessive 
oluaige in the condition o( the air, md immer 
diately suggett the {voper coisrection. The 
flume means could be employed most l^enef- 
ficially , in attempering the Atmoaphere of pui« 
bUc hospitals. 

That wool and com have ihetr we^t con'* 
3ider»bly augmented by the presence of moi*, 
ture^ is a &ct well known. WiUiout gup^ 
posing that any fraudulent practices are usedy 
this difference) owing merely to the variable 
state of the air in which the substances are 
kept, may yet in extreme cases amount to 
10 or even 15 per cmt. Grain or papev 
preserved in a damp phtce» will be found to 
swell nearly after the same proportion* But 
the real ccmdition ^f sudoi commodities might 
easily be detected, by placing the hygrometer 
within a small wired cage, and heaping over 



94 EEL'ATIONS OFAIft 

this5 for a fe^ minutes, a quantity of the 
wool or grain which is to be examined. 

The hygrometer will enable us to compare 
with acciiraoy the various absorbent powers 
of different substances. These powers are 
totally distinct from the force of capillary ac^ 
tion, and appear to be as much diversified 
as the other intimate properties of bodies. 
When water ascends the narrow bore of a 
gla^s tube, or spreads itself through the 
interstices of sand, it occasions no change 
whatever in their internal constitution, and 
the glass and the sand retain precisely the 
same place and condition as before. But 
when wood or ivory, linen or paper, im- 
bibe moisture, titiis act of absorption is inva- 
riably attended in them, by a corresponding 
diminution of the aggregate vplume, and 
some disengagement of heat The instru- 
ment already described, for measuring the 
expansion which air acquires on being damp- 
ed, shows a very visible contraction of bulk 
in the union of a bit of linen with a few drops 
of water. The heat evolved in this union is 
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votless lemarkable^ and it is always propor- 
tioned to the dryness of the pr^rions state of 
the absorbing substance. Let a large piece of 
cambric or Imen hp dried intensely before 
the fire, and then }ap it about the bulb of a 
ddiicate tliermometer, and introduce them 
both into a tall narrow glass, which is placed 
in, a dose room, with a stopped phial con-- 
taining water set beside it After the space 
of an hour ov two, yrb^en, this apparatus has 
acquired the same temperature, pour a little 
water from the phial upon the cambric, and 
the bulb of the thermometer will become in- 
stantly affected, and indicate an extrication 
of heat, amounting perhaps to three or four 
df^ees on Fahrenheit's scale. With oal^ 
aaw-dust, which has been previously parched, 
the effect is still more striking ; and the well^ 
known fact, that biscuit recently baked feels 
hot in the mouth, must evidently be referred 
to the same principle. /But the hygrometer 
itself^ in its quiescent state, displays conspit 
cuously, although on a smaller scale, proper- 
ties, which are entirely similar. If the paper- 
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e4 bftll be SQ&red to grpw diy» and twoor 
three drops of wftter at the ordinary tempos 
rature b« applied to lU the coloured liquor 
wiU quiokly rifie in the opposite st«n five or 
perbap9 ten miUesimal degrees, acpoicUng to 
the thic^esa of the coat and its previous iih> 
tensity of dryness. This impression however 
is only mQm^!itaiy« and soon succeeded by 
the proper hygrometrie action. Heat was 
therefore at first disengaged, during the act 
of combination of the water with the faibu<« 
loi}8 paper. 

But those absorbent substances, besides 
assimilating to their essence a portion of the 
liquid which touches them^ are likewise dis« 
posed to attract) though with various energy, 
the humidity from the atmosphere. The 
more sqlid^ as well as the softer, materials ex« 
ert this power, and which is exactly analo^ 
gous to that of the concentrated adds and 
the deliquescent salts. In their several affif 

' 

nities to moisture, the earthy bodies discover 
the most essential differences of constitution. 
To eicamine these properties, let the sub* 
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dtance be dri^ thoroughly and almost roast- 
ed before a strong fire, and introduced im- 
mediately into a phial with a close stopper ; 
the powder, having undergone that sort of pre- 
paration, is at any time afterwards thrown par- 
tially into a very large wide-shaped bottle, and 
shut up tin it has attracted its share of humi^ 
dity froni the confined air; and a delicate hy- 
grometer, being now let down into the bottle, 
indicates the measure of the effect produced 
by absorption. In this way, it was found that, 
about the temperature of 60 on Fahrenheit's 
scale, alumihe causes a dryness of 84 degrees 
in the . air included with it ; the carbonate 
of magnesia, 75 ; the carbonate of lime, 70 ; 
silica, 40 ; the carbonate of barytes, 32 ; and 
that of strontites, only 23. These simple bo- 
die, abo betray other diflerence, in 0^ in- 
temal conistitution. The absorbing powers 
of silica, bar3rtes and strontites, are not only 
feeble, but of small extent, and these earths 
become very soon saturated with humidi- 
ty. Alumine and magnesia, on the other 
band, have their energy scarcely impaired 

G 
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by repeated absorptions. It ib singukr, 
that marble and quicklime should produce 
exactly the same effect^ and that in general 
no sensible difference in that respect can 
be perceived between the pure earths and 
their carbonates. The great absorbent power 
of the argillaceous, compared with the sili- 
ceous bodies, likewise deserves particular no- 
tice. But many of , the compound earths and 
stones possess the power of attracting mois- 
ture from the air, in a still higher degrea 
TiTiese substances need only be pounded or 
broken into small fragments, and then expos- 
ed, for a certain time, near a strong fire. 
Pipe clay, though it contains a large pro- 
portion of silica, occasioned a dryness of 
85 degrees ; whinstone or trap, though 
very compound, produced an effect equal 
to 80 degrees ; and sea^-sand, having an adr 
mixture of shells, gave a dr3rness of 70 de- 
grees. But torrefactioo seems remarkably to 
diminish the faculty of the earthy substances 
to attract moisture. Clay, roasted in a strong 
fire, causes a dryness of only 35 degrees ; and 
urged in a blacksmith's forge, it afibrds no 
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more than 85 while whinstone or trap, by 
the same treatment, has its energy reduced 
to S3 degrees. The absorbent power* of 
earths depends, therefore, as much on thdlr 
mechanical condition, ap on the species of 
matter of which they are composed. What-* 
ever tends to harden them, diminishes the 
measure of effect ; and hence apparently the 
reason, why the action of fire impairs theu* 
desiccating quality. Quartz or silica, which 
in a blacksmith's fi>rge had suffered a reduc- 
tion to 19 degrees, after being soaked in wa^ 
ter for the space of a week and again dried, 
showed an effect equal to 35 degrees, and 
would probably in time have recovered the 
whole of its original power. The process by 
which nature gradually divides, softens, and 
disposes stony bodies to absorb moisture, is 
beautifully illustrated in the case of our whin- 
stone or trap. A piece of solid trap produced, 
we have seen, a di^piess of 80 degrees by 
the hygrometer ; another piece, decayed and 
crumbling, gave 86 degrees; but another piece 
of the same rock, already reduced to mouldy 



100 , RELATIONS OP AIR 

afforded 92 degrees. The ameliorating in- 
fluence of culture is exemplified in sea-sand ; 
fine sand caused a dryness of 70 degrees; 
sand collected firom the paths of a sheep- 
walk near the beach, 78 degrees ; and the 
same sand, lately brought into cultivation, 
85 degrees. StiU these effects are inferior to 
that of garden mould, which amounts to 95 
degrees, and to which decomposed trap ap- 
proaches, the nearest. This material, in its 
mouldered state, constitutes the basis, of 
our richest agricultural districts. Other 
cultivated soils exert a similar power of ab- 
sorption, and which appears always, propor- 
tioned to their respective goodness. Nor are 
-such increased energies to be ascribed to the 
amelioration firom manure, since this ingre- 
dient separately has less influence than the 
earths themselves. It therefore seems highly 
probable, that the fertility of soils depends 
chiefly on their disposition to imbibe mois- 
ture. 

I have just glanced at a theory which, if it 
were confirmed by farther experience, would 



k 
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greatly enlarge the boundaries of useful sci-^ 
ence. The art of chemical analysis, however 
much it has been refined, yet fails totally in 
detecting the intimate constitution of bodies. 
Stones, the most opposite in their aspect aiid 
general characters, are sometimes composed 
of the. same elements, united too in like pro- 
portions. On the nature of soils, the improve* 
ments in chemistry have as yet thrown scarcely 
any light whatever; and notwithstanditig the 
mighty promises held forth to us, agriculture 
is stiU obliged, it must be confessed, to grope 
her way, by the gUmmering of rude experi- 
ence. Hie various absorbent powers of earths 
offer something like a principle of distinction 
among them. The operations of tillage serve 
to open and mellow the soil ; while the process 
of paring and burning, if it goes farther than 
the mere destruction of the noxious roots and 
fibres, bakes and hardens the surface,rendering 
it unfit for the purposes of vegetation, till, after 
some lapse of time, it again recovers its pro- 
per constitution. In volcanic countries, like- 
wise, the fields of lava require the influence 
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of many centuries, to fit them for cultivation. 
For comparing the absorbent powers of the 
yarious kinds of soil, the hygrometer might 

easily be adapted. The subject now started 

» 

is at least of such a promising nature as to 
claim our serious attention. 

The variations both in weight and bulk 
which absorbent bodies undergo, have been 
employed to indicate the disposition of the 
air with respect to moistura For this rea- 
son, such substances are likewise termed 
hygroscopic * ; since they are always affected 
by the state of the ambient medium, though 
they may not precisely measure its degrees 
of humidity or drjoiess. But neither heat nor 
moisture is passively difiused, or yet shar^ 
among different bodies in equal proportions. 
Under the same change of circumstances, 
100 grains of ivory will attract from the at- 
mosphere 7 grains of humidity ; the same 
- weight of boxwood, 14 grains ; of down, 16; 
of wool, 18 ; and of beech, 28. Other sub- 



♦ From vy^j, humd or mowf , and mwlcfmt, I examine. 



TO HEAT AND MOISTURE. 103 

stonoea wiU» ia their respective measures q£ 
absorption, discover still wider differences. 

Tlve dry or humid state of the bit is there- 
fore discovered, from the variable weight of 
certain bodies exposed to its influence. Rock 
salt has been applied to that purpose; but 
potash, the muriate of lime, sulphiiric acid, 
and most of the deliquescent substances, 
whether in a solid or a liquid form, act the 
most powerfully. Other materials of a firm 
or adhesive consistence manifest the same 
properties, though in a lower degree. Plates 
of slate-day or of unglazed earthen-ware, the 
shavings of box or horn, paper or parchment, 
wool or down, — ^all act as hygrometers. But 
these substances, especially the hairder kinds 
of them, unless they be extremely thih, receive 
their impressions very slowly, and hence they 
cannot mark with any precision the fleeting 
and momentary state of the ambient medium. 
Nor is the weight which they gain by exposure, 
proportioned to the real dampness of the 
air ; fcnr the measures of their successive ab- 
aorption increase in a most rapid progression, 
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as they approach to the point of absolute hih 
midity, 

• But to weigh the substances with the 
accuracy batting such experiments^ is a 
very delicate and troublesome operation. 
Those thin bodies are liable, besides, to 
become in time covered with dust, whidb, 
while it must evidently augment their weight, 
cannot be detached from them without in^ 
juring their slender texture. The increase 
of bulk which they acquire from the por- 
tion of moisture attracted into their sub^ 
stance, furnishes therefore a more certain 
and convenient indication of the state of the 
« atmosphere. The solid vegetable and animal 
fibres are connected by a fine soft netting, 
in which the power of absorption appears 
chiefly to reside. Hence the presence of 
moisture always enlarges the breadth of such 
substances, without affecting in any sensible 
degree their length. This effect is visible in 
the swelling of a door by external dampness, 
and in the shrinking of a pannel. from the op- 
posite cause. But the substances, such as 
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paper or parchment^ which have a difiuse or 
interlaced texture, are extended, by the ab- 
sorption of humidity, almost equally in every 
direction. On ihe contrary, twisted cord or 
gut, being swelled by moisture, su^r a cor- 
resp<mding longitudinal contraction, accom* 
paikied likewise, if not confined, by some un-^ 
coiling of their fibres. 

All these properties have severally been 
employed in the construction of hygroscopes. 
The expansion of the thin cross sections of 
box or other hard wood, the elongation of the 
human hair or of a slice of whale-bone, and 
the untwisting of the wild oat, of catgut, of a 
cord or linen thread, and of a species of grass 
brought fi'om India, — ^have at different times 
been used with various success. But the 
instruments so formed are either extremely 
dull in their motions^ or if they acquire 
greater sensibility from the attenuation of 
their substance, they are likewise rendered 
the more subject to accidental injury and 
derangem^it ; and all of them appear to 
lose in time insensibly their tone and proper 
^tion. 
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I have lately revived a method of measiur* 
ing the expansion.of absorbent cohesive sub* 
stances, by their enlargement of capacity 
when disposed into a shell ; and have, by suc- 
cessive steps, carried -the hygroscope thus 
formed to as high a state of improvement, as 
perhaps such m imperfect instrument will 
admit. A piece of fine grained ivory, about 
an inch and quarter in length, is turned into 
an elongated spheroid, as thin as possible, 
weighing only 8 or 10 grains, but capable of 
containing, at its greatest expansion, about 
300 grains of mercury ; and the upper end, 
which is adapted to the body by means of a 
delicate screw, has a slender tub^ inserted, 
6 or 8 inches long, and with a bore of nearly 
the 15th part of an inch in diameter. (See 
jig. T.J. The instrument being now fitted 
together, its elliptical shell is dipped into 
distilled water, or lapped round with a wet 
bit of cambric, and after a considerable inter- 
val of time, filled with mercury to some con- 
venient point near the bottom of the tube, 
where is fixed the beginning of the scala 
The divisions themselves are ascertained, by 
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distinguishing the tuhe into spaces which 
correspond each of them to the thousandth 
part of the entire cavity, and equal to the 
measure of about three-tenths of a grain of 
mercury. The ordinary nn^ of the scale 
will include 70 of these divisions. To the 
upper esid of the tube, is adapted a smaU 
ivory cap, which allows the pen^ration of 
air, but prevents the escape of the mercury, 
and thereby renders the instrument quite 
portable. 

This hygroscope is largely, though rather 
slowly, affected by any dbiange in the humi- 
dity of the. ambient medium. As the air be* 
comes drier, it attracts a porticm of moisture 
from the shell or bulb of ivory, which, suf- 
faring in consequence a contraction, squeezes 
•its contained mercury so mudi higher in the 
tube. But if, on the contrary, <he air should 
incline more to dampness, the thin bulb will 
imbibe moisture and swell proportionally, al- 
lowing the quicksilver to subside towards its 
enlarged cavity. These variadotas, however, 
are very far from corresponding with the real 
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measures of atmospheric dryness or hmnidity. 
Near thepointof extremedampness^thealtera- 
tions of the hygroscope are much augmented; 
but they diminish rapidly, as the mercury 
approaches the upper part of the scale. The 
contraction of the ivory answering to an 
equal rise in the drjmess of the air, is six 
times greater at the beginning of. the scale 
than at the 70th hygroscopic division ; and 
6eems in general to be inversely as the num- 
ber of hygrometric degrees, reckoning firom 
20 below, I have therefore placied another 
scale along the opposite side of the tube, the 
space between and 70 of the hygroscope 
being distinguished into 100 degrees, and 
corresponding to the unequal portions from 
the number 20 to 120 on a logarithmic lina 
This very singular property is more easily 
conceived from the inspection of the figure^ 
The scale might be safely extended farther^ 
by continuing the logarithmic divisions. Thus, 
320 degrees by the hygrometer would answer 
to 108 of the hygroscope, or to a contraction 
of 108 parts in a thousand in the capacity of 
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the bulb. But at the dryness of 300, I have 
never found the contraction of the ivory to 
exceed 105. 

Boxwood, I likewise formed into a hygro- 
scope, of the same shape and dunensions ; 
but this absorbent material sweUs twice as 
much with moisture a^ ivor3^ does, and there, 
fore requires its inserted tube.to be propor- 
tionally longer or wider. The contractions 
of box are still more unequal than those of 
ivory. Near the point of extreme humidity, 
those alterations in the capacity of the bulb 
seem to be more than twenty times greater 
than, under like changes in the condition of 
the atmosphere, take place towards the up- 
per part of the scale. The space included 
between the commencement and the 140th 
millesimal division of the scale, might hence 
foe marked with 100 hygrometric degrees, 
corresponding to the decreasing portions of 
a logarithmic line from 5 to 105. 

In noticing the rapidly declining contrac- 
tions which ivory and box undergo, I would 
not be understood, however, to state the 
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quantities with rigorous precision ; I mere<- 
ly consider the numbers given above as 
very near approximations to the truth. I 
should be ashamed to confess how much time 
I have already consumed^ in tracing out the 
law of those contractions. Such experiments 
are rendered the more tedious, from the pro- 
tracted action of the hygroscope, which often 
continues travelling slowly for the space of a 
quarter or even half an hour. This tardiness 
is indeed the great defect of all instruments 
of that nature, and utterly disqualifies them 
from every sort of delicate observation. 

The very large expansions which the hy- 
groscope shows on its approach to extreme 
humidity, explains in a satisfactory manner 
the injury which furniture and pieces of ca- 
binet-work sustain from .the prevalence of 
dampness. On the other hand, the slight al- 
teration which the instrument undergoes in a 
medium of highly dry atmosphere, seems to 
have led most philosophers to believe that 
there is an absolute term of dryness, on the 
distance of whidi, from the point of extreme 
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moisture, they have generally founded the 
graduation of the different hygroscopes pro* 
posed by them. This opini6n, however, U 
&r from being correct, and might give occa- 
sion to most erroneous conclusions. No 
bounds can be set to the actual dryness of 
the air, or the quantity of moisture which 
it is capable of holding, and which, by the 
joint application of heat and rarefaction to 
the solvent, may be pushed to almost inde* 
finite extent 

The ivory hygroscope, after being for se- 
veral hours immersed in air of 150 or 200 
degrees of dryness,' was apt of a sudden to 
Split longitudinally. But if the bulb endured 
such a range of contraction, it appeared in 
ftome instances to take at least another sef^ 
or to accommodate its constitution, by im« 
perceptible gradations, to the state of the 
surrounding medium. If this remark were 
confirmed, it would elucidate finely the ato- 
mical system of bodies, and establish the 
successive limits of corpuscular attraction and 
repulsion. 
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But though the bulbous hygroscope is, in 
extreme cases, liable to much uncertainty and 
some risk, it may yet be used with visible 
advantage, in a variety of situations, as an 
auxiliary merely to the hygrometer. The 
very sluggishness of the instrument, when 
the value of its divisions has been once ascer- 
tained, fits it so much the better for indicate 
ing the mean results. After being long ex- 
posed in situations hardly accessible^ it may 
be conveniently transported for inspecticm 
before it can suffer any sensible change. The 

« 

hygroscope could be, therefore, employed 
with success to discover the degree of humi- 
dity which prevails at certain considerable 
elevations in the atmosphere. It might be 
likewise used for ascertaining readily the pre- 
cise condition of various goods and commo* 
dities. Thus, if the bulb were introduced^ 
for the space perhaps of half an hour, into a 
bag of wool, a sack of com, or a bale of pa- 
per, it would, on being withdrawn from their 
contact, mark the dryness or humidity c£ 
those very absorbent substances. 
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Thie softer absorbent substances are not 
only tibems^lves afiedted by the sti^e of the 
ambient medium, but are capable, when they 
.expose a bn^ attractive surface, of asaiibi^ 
lating to their .previotts condition, air and 
Other ^eouB fluids confined, o'y^r them«' 
FlanneO:, for instance, which has been intense- 
ly dried before a strong fire, will support a re^ 
maskable degree of dryness in a close recei* 
ter ; yet after a few repeated applications, it 
soon bedomes saturated with humidity, and 
loses its power of absc^tidn. Muriate of 
lime ihaa a vigorous and extended energy j 
but the substance which answers best on the 
whole as an absorbent, and which continuei? 
ibf a loc^ time to attract moisture with al- 
most undiminished force, is the concentrated 
sulphwic acid By the actk>n of this material, 
I am enabled to maintain, for weeks or even 
months together, a magazine of dry air, which 
aiPlbrds the means of accurately graduating the 
differential thermometer and its several mo- 
difii^ions. But, by exposing, at the same 
time, under the receiver a surface of water 

H 
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« 

in given proportion to that of the acid, the 
confined air may easily be reduced to any m^ 
feribr state of dryness. 

The presence of heat likewise augmaiits 
very considerably all those absorbent pqwers* 
Thus^ while in winter the introduction of 
sulphuric acid under a receiver and in a 
room without fire, scarcely sinks the hygro* 
meter 40 degrees, it will, even in our fee- 
ble surnmers, occasion a dryness of ,100 
or 120 degrees. On this principle, water 
may be rendered cObl in the sultriest cli- 
mates, and in every state of the atmo- 
sphere ; for nothing more is required than, 
to expose it to evaporate from a porous ves- 
sel, in a medium of confined air, and near the 
action of a large sur&ce of sulphuric acid 
Nay, with that arrangement, artificial conge- 
lation is produced, if the external tempera- 
ture should come but as low as 38 or 40 
degrees on Fahrenheit's scale. Wine also 
could be cooled, by casing the sides of the 
bottle with wet flannel, and shutting it up in 
a wide shallow box, which is lined with lead 
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cnr composed of glazed earihen-ware^ and has 
its bottom covered, perhaps to the thickness 
of half an inch, with a stratmn of the acid. 
If this box, with its contents, were placed in a 
cellar, the wine would, at alltimoes in tfaii^ island, 
have its temperature reduced, in the space 
of four or five hours, to 40 or 42 degrees by 
Fahrenheit's scale. By the same vety simple 
contrivance, wine: or water might, in the tro« 
pical countries,, be cooled, from 80 degrees 
on / the same scale, . to 55^ or even lower. 
Nor h the" desiccating efficacy of the acid 
sensibly impaired, till it has ^ absorbed an 
equal bulk of moisture, and has; consequent^ 
ly on successive days occasioned the mode- 
rate refrigeration 'of more than fifty times its 
weight of wine or water. 

The application of heat constantly increas-^ 
es the dryness of the air, or its disposition to 
dissolve moisture. This property is so ge- 
nendly imown, that the evaporating power 
of the medium is very seldom in practice 
referred to any other cause. Drying houses, 
for example, are commonly constructed as if 
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heat were to produce ' the wltole effect^ i» 
means being: employed tot aidixig the 6sdtp6 
Off the lOlr,' afler it has become cftaarged widi 

fear pierforkniag any longer the procesS'Of eva- 
poration. 

The influence of wiarmth in aii^mentii^ 
the dryness of the air, or its disposition to 
imbibe moisture, explains most easily a sin- 
gular fact remarked by some accitf ate obser-^ 
vers, . If two equal surfaces of ^ater be ex-» 
posed in the same situation, the one in a shal- 
low, and the other in A deep vessel of metal 
or porcelain ^ the latter is always foiind, after 
a certain inliervdl of time, to have suffered, 
contrary tO: !what we might expect^ more 
waste by evaporation than, the former. This 
observation w^ once made the ground of a 
very absurd theory, ^though the i^eal ex- 
plication of it appears abundantly simple. 
Amidst all the changes that happen in the 
condition of the ambient medium, the shal- 
low pan must necessarily receive more com- 
pletely than the deeper vessel, the ehiUing 
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iiiq)]wtisi(ais af/CirvpoBttlaon, sijowe it exposes a 
analkE extent of digs feiir&ee *?» be iiirdy heafc. 
ed^upa^ambj^liife edntasl; of itbe^ain Thd 
latgecjna^befai^V.tiierefQre, kept Invariably 
ttia«ner than the oflier, must i^ loopsequenoe 

If heat augments the dryness of the air, its 
abienoe. ^rqdiictt an oppi>sifcei6ffec4 ^i^en 
the jesxtemat air isicoldei^ thfin^t^ of f|n npifttt^ 
metoti which is latber dicqf>bsed tor htikaidit j^ 
the>win(|ows caraie ta be coveied vi^itii; daw oh 
the iofiwies cif the panes, The'maasy wa^ 
of odllars and nntedihted buildings, being re- 
latively cool during the summar months, ap-r 
pear.Aen generaUy aripping mth moistu*^; 
A caroffe, £lled'wSth wat» ire$h drawn from 
the well, and aet on the table m a hot rooni^ 
becomes soon bovered ov^r With /dew; and 
this eSkct takes pilaee more t^eediljr, %^n the 
surrounding air-ihelincifi to dam^ess. i^t 
w^ the d6po9iiion of m^stuire coase, until 
die glass decanter, with the wjster eontamed 
in it, has appro^^lied to the beat of the room. 
On this principie, it has been proposed to 
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construct a scnrt of i%ujle hjgroineterv by obi 
serving the depressed teniperatuie at ivlach 
the dew again begins to diisappiettf i^ipithe 
surface of a small globleti^Llledjwitkeold wa^ 
ter. The point of atmosphenesatusationiinU 
evidently be lower in protportkia to^tfae (^^ 
ness of the room. . - >^ * I 

But air must beqome ^dri^. .from; lia^ 
ving deposited a part of r the moisture wlmh 
it held' in .solution. A cold bod^^'kltn>- 
duced^ under: a large receiver^ :may rtfaod* 
{ixse occa8ion.a very coa^derable ditjinesstin 
the Qoniined mediiiDi. ..Thus^ when ithe item- 
perature of the M>om isiaboui 70 degri^siby 
fahrieoheit, a gpblet £Ued ' with . water; at 50 
degiie^s, ; beiog , placed wiihm a receiver of 
perhaps, thf ice its suriace» a delicate ifa^igvch 
tneter suspended near.jthevmiddle of thera- 
G9!ot f^ace^ liDMrked 45 d^rees. A; wide 
fitaa^er «pf ^Uss or p(>raelain, .containing) wa^ 
ter equally, cold^ produces jahnost ! the same 
effect The. air indudad between the cold 
mass and. the receivert losing its heat on the 
ope side^ and again recovering this partly on 
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the ddusTj a8Biiinfis..a''i»eitam idtenziediftt^ 
t grnif ^m tidn ; bat eadb portion dF itwbidi 
tmcoenn^i^icoiaes >to >taiidb the.:glass9 the 
fKWxhaiih or the viater, bein^ ohiUed by siich 
ocmtaoty soiiEirend^s its ^surplus humiditj, aiid 
then mingling with the rest of the ^r^ xen 
gains the mean state of wanntb) ^nd con^e^ 
i}Uira.tl7 has^ in proportion to that dbange, its 
dryness or pmrer of solution reheiracL The 
medium thus rendered dria^^ foeiag therefore 
cnqpiable of performing evaporation^ may, by 
aetii^ <»i a humid^ sur&ce, prbdlice^a 'degree 
of cold fiitle inferior tofthat of the n!iasb it^lf, 
from the introchiction of ^hidi under the!re-^ 
ceiver the whole chaid of .effects oxiginotedf 
If a freezing mixtoie be formed unth'salt and 
snow or pcHmded ide in a deep aXM wide 
saucer, and placed lusder a large reoeiver^ 
about ao^iiit^rval of three or four mches from 
a small cup of porous eafthen*-Ware.fiUed with 
water ; this water will soon becooid firosen, 
ai]^ reitiaiti,/sM>.for jfev^ral houts, till the. whdle 
of the ice or snow hw melted .dbw<n into a 
liquid, state. Thenndfis • of th? simoer, from 
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^Ifae d^osition of mokkwte amseyeAJBy the 
air irom tibe cup, becoinie inoru^ted.^iatlijboir 
ffrosty wbidi keepsi constantly increasing in 
thickness as long as the action <^ the i&igo- 
rific mixture - lasts. If a covered di^Si w^ 
HsidDstituted for the saucer, the icy crust, form- 
^ over die whok of its external surface^ 
would serve to measure the comparatively 
small quantity of exhalation irom the cup^ 
which was required to fyeesie the watev,^ add 
afterwards to support congelation. When 
the cup containing the wat6r is pldcmi b^ow^ 
Instead of^b^ve, the magazine of cdUy espe- 
cially iim&r. a tall reodv^r, the evapdrii^g 
{Process sulB^s indeed^ aome reduolion, but 
still the irigorific operation is qm t&e whole 



Btodei^.rapre pcwisrful j for the phiSAed air 

« 

ikUing dow|iwards, ihoti^ it acquires little 
dryness, y«t communicates to the irater the 
impressions of most mtetfse cold ^th seance- 
ly any diminution. 

To discover the peciiBe law by -which eqiml 
additions offbeat augment the dryness of air 
or its pow^ to Tbtaki moisture, is a problem 
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<i£ great delicaqy acnd importsace/ Two 
Sateiat moAes were empAey]^ ia thatiiw 
•gaticxii, but whieh. led to the same 
The G&e was, m a large dose room^ ixr bring 
«) hygrometer,' oonjomed with a thermome- 
ter, sucGessivcly nearer to a stoVe inteaadj 
Jiettted, and to note the somiiltaneous indicah 
tkrns of btfth instmrnoita ; or to employ two 
mae thermometests, placed beside eaehiother, 
imd baring tli^ir bulba cov^ed respectively 
with dry and with wet cambric. By taking 
Ihe mean di numet ens obaervations, and in- 
tetpdatifig the intermediate quaodtias, the 
law of aqueous solullon in ail? was laborious^ 
ly traced. But the other method of invetti** 
gation appeared better adapted for the hi^^ 
er temperature^ A thin hollow bail ^of tin, 
four inches in diameter, and having avcary 
small neck, was- neatiiy co^vsered with linen ; 
and, being filled wkb water itearly boiling, 
and a thermoxbetet insertied, it Was hung 
likewise -in a spacious close room, and the 
tate ^f its cooling caireihlly marked. The 
ex|^riment was next tepented^ by suspend* 
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ingitto the end of a fine hemn^ md we&- 
tiiig.with a hair pencil the dur&ce of linent 
till brod^t in exact equipoise to ^ome gi^ 
v^i weight in the o^^site: scab/; /ten gnuns 
being now taken out, the hunud Jb^U yb$ 
allowed to . rest rag^inst the point; o£ a ^ 
pered glass tube^ and the interval ^ of time^ 
with the corresponding diminution 0f teEifief 
rature^ observed*, when it ro3e: again to the 
position of equilibriinn. Tbejsaniie; opeit^ 
tion was . succesiaively renewed ; ^ut, as the 
rapidity of the evaporation deditned^t five^ 
smd afterwards two^ grains only wer^ at enfib 
trial* wididrawn frma. the scale. :JE's9niiSU(Ji 
a. series ' of ,facts^ itvwto - easy .to estimate the 
quantities of «»iatuire which ^th^ wme air 
will dissolve at .>di^rent temp^rntures^ ^nd 
alao the corresponding, measures of heat. ex* 
pendediin the pioeesa of solution.: . 

By connecting the range of observatidns* 
it would appear* thai; wr bfts. its diyiiess 
doubled at each ris0 pf tem^iera^ure* answer- 
ing to 15 centesimal degrees. Tbutt, at the 
freezing point, air i^: capable of holding a 
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{Mvtkm of iBk>tttiQ% fepresatted by 100 ide^ 
gMes of^ ihi tiygtonicrtenr ;> at the temperafciub 
1^15 dmitigrwlr, it could. ccttitain 800 sucli 
^iivts 1 : lit- tint of tdOj- Jl might dissolte 400 ; 
€iid^at45'Ottftiiie'annbsad%'S00. Or, if ve 
Tttc^DQ^^Fabcenfaeit'irditilBiim aip absolute^ 
l^rrbubiid ho&fe ^at the limit of oon^hdidtfi 
iiielmiidMdfWid'fiixti of 

nkoietnve ; at tlite tender attive bf 59 degrees » 
JAi^OTgMiQdi 'paatiV at thali of $86 d^refe^^ the 
loKti^'pBit^at that of 118 d^ees, the 
twftiitfeth pa^*; ^iiini^ degrees, 

the tenth part. While the w temperature, 
tU6r^>fe^'advaiiros imdblniily iir ^mthineiical 
prdgresiiion^ the dlssohring power which this 
odmihiimeates toidie' ahr moiakts wifth the ao 
d^leniting ivpidity: of a ge^mkricil: mries. 

I It iheiKh ifofiows^ timt, i^faateverbethe a^^ 
condition of d^ mads of air, there viusti always 
eamt -some tsmpclnrture at which ib would foe- 
come perfbcftly dottip^; Nor is it difficult, 

&6m what has h^n fOteadj stated, to deter- 

« 

mine this point in any .given c^se. Thus, 
siippose the hygrometer to mark 5% while its 
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wet ball has d. tempe^iffe:f^ 2fd'i^^ 
degrees or 68 by F^hrenhfiit;; j^ diaiolY«^ 
power of air ak tlus..teiiipe|»lbiife. bemg.232^ 
its idistance i hdm abspluteo huniiditj jml) 
therefore beSDO, whidi is tiui^nfeeatriireof^aot 
kitibn ansrimeiingi to lA centeamiali de^ixeibiMr 
59 by Fahreiiheki* The' isal&e iiir ; ^oiild lebii-i- 
seqaently^ at the flepressedl tentperatuiB; lAf 
59 degrees, shrink m<y) ;a stdte of absolute 
saturation ; aibd if dooled kr^Rrcor, 'it wo9aid 
even, deposiibe ft portion of its x^qmbiifed^iiioisT 
ture, losing theei^ibthpert of il^s .4ineight At 
the verge of fredling. . 

llie hygcometeryitDraa shown^doei^ not ind!-* 
eate the actual dryness !of iheaity but the ^ly-r 
ness which it r^suns^ after facing reduced to the 
temperature of ihe hiiinid ball^ 13i&i9fil Dcmdi^ 
tion of the medium, hdwev^rr ciould.eflsily be 

» from the gradations already ascer^ 
tie ponnrer of ; adution. Suppose^ 
e, that^ the hygrometer shoidd 
egrees, while th6 thetmometer 
centigrade; the moist surface has 
e temperature of 11.8 centigrade^ 
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at which the dissolving energy is less by 97* 
degrees tihfan at 16 centigrade ; and hence 
the total dryness of the air, at itt former 
temperature, ammmted to .79 degrees. A 
aniall table of the solubility of moisture^ 
would gready fiicmtate suci reductions. ' 
Tbat the rquantity. of mpistiire whidi air 
can hold mcreases in a' : iiiadb 'faster . ratio 
than its temperature, is a great principle m 
the economy of nature. It seems first to 
have been traced from indirect experi^ce by 
the sagacity of £he laie Dr James Hutton, who 
made it the foundation of his most ingeni^ 
ous and solid dieory of raiuw Air in cooling 
becomes ready to part with its moisture* 
But how is it ever cooled in the free atmo- 
sphere ? Only by the contact or commixture 
siurely with a colder portion of the same fluid. 
But that portion of air which is chilled must 
equally in its turn warm the other* If, 
in consequence of this mutual change of 
condition, the former be disponed to resign 
its moisture, the latter is more inclined to 

4 • 

retain it; and consequently^ if such opposite 
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effects were balanced, there could, on the 
whole, be no precipitation of humidity whsA^ 
ever. The separation of moisture on the 
mixing of two m«^ of d«np «r at different 
temperatures, would therefore {irove, that the 
dissolving power of air suffers more dimimi^ 
tion from losing part of the oombiiied * heat 
than it acquires of augmentation from gaining 
an equal measure of it ; and ccnsequently 
this power must, under equal accessions of 
heat, increase more slowly at first than it 
does afterwards, thus advancing always with 
accumulated celerity. ; . i ' -f 

The .result of this induction agrees entire- 
ly with the law of solution in\ air, whidbi has 
been already pointed out. It is the simplei^t 
of the accelerating kind ; and -the relation of 
an arithmetii^l to a geometrical progression, 
seems applicable to other properties of the 
gaseous or daistic fluids. An example will 
elucidate tlie nature and extent of the aque-^ 
ous deposition caused by the commixture of 
opposite portions of air. Suppose equal bulks 
of this fluid, in a state of saturation, and at 
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tlie dilibretit temperatures of 15 and of 45 
ceiufcesimai degrees, to be intermingled ; '- the 
compound arising from sudi union will evi-^ 
ilently haTie the mean temperature of 30 de-* 
grees. But, since at those temperatures the 
one portiof^ .held 200 parts of humidity, aiid 
the other 800, the aggregate must contain 
1000 parts, or either half of it 500; at the 
mean or resulting temperature, however, this 
]^ortion codid only suspend 400 parts of humi- 
dity, and ccmsequently the difference, or 100 
parts, amounting to a hundred and sixtieth 
of the whole weight of the idr, most be pre- 
cipitated from the compound mass. Nor was 
it requisite that such portions of air should 
be perfectly damp. For instance, if the cold*- 
er air had a dryness of 40, and the warmer, 
that of 110 hygrometric degrees, the former 
consequently holding 160 parts of moisture, 
and the latter 690 ; after commixture, they 
would each contain 425 parts, and ther^ore 
of those 25 parts, or a measure equal to the 
six hundred and fortieth of the general mass, 
would still be deposited. 
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I jbaTe now selected an extreme dtse^ an^ 
yet the quatitity of nio^iur e set loose mi^bib 
appear to b6 remarkably small. The €iiffi«* 
culty is9 therc^re, t^ reotmcile themeasute of 
such deposits as dedu^d from theory, /mtl» 
^e actual precipitatiMis from the atmo^era 
The lower mass of air whidi surround, our 
globe may have a. mean temperature^ of about 
50 degrees on f i^brenheit's scaife ; and wese 
it consequently forced, by sofate internal 
change of constitution, to dtsdbarge the whcde 
of its watery store, this would not exceed tl^ 
80th part of its weight, or foim a sheet <^ 
more than five ifuOies de^. Our atmosphere 
must hence, in the course of a year, deposite 
five or ten times as mudi hmmdity as it cai^ 
at once hold in «.l„ti<». But Bi„6e <»ly . 
very minute portion of the combined m<MS. 
ture is in &ct, at any given time, separated 
from the ait, it follows that ^e relative pro^ 
cesses of evaporation and precipitation must 
rapidly succeed each other, promoted no 
doubt by the incessant circulation which is 
maintained between the higher and the lower 
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Strata. Every humid discharge from the at- 
mosphere must, therefore, of necessity be lo- 
cal and temporary. 

The mixture of differently heated masses of 
air is hence insufficieht alone to farm any very 
sensible deposit. To explain the actual pheno- 
mena, we must have recourse to the mutual 
operation of a chill and of a wann current, driv- 
ing swifitly in opposite directions, and continu- 
ally mixing and changing their conterminous 
surfaces* By tMs rapidity, a large volume of 
the fluid is brought into contact in a given 
time. Suppose, for instance, the one current 
iji^ have a temjierature of 50, and theother that 
of 70 degrees, by Fahrenheit's scale; theblend- 
ed surfaces will, therefore, assume the' mean 
temperature of 60 degrees. Consequently the 
two streams throw together 200 and 334.2 
parts of nioisture, making 567.1 parts for the 
<:ompound, which at its actual temperature 
can only hold 258.6 parts ; the difference, or 
8.6 parts, forms the' measure of precipitation, 
corresponding to the 1860th of the whole 
weight of the oomn^ed air. It would 
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thus require a column of air 25 miles in 
length, to j^miah^, over a given spot ahdin 
the space of an hour, a deposit of molstiu^ 
iequal to the height of an inch^ If the sum 
of the opposite velocities ainounted to 50 

miles an hour, and the intermingling influ- 

1 

ence extended but to a qtuurter oi tax inch at 
the glazing surfaces,, there would ^ill, on this 
supposition, be produced in the same tim^ a 
faU of rain reaching to half an Xndx m tdti- 
tude« 'Biese quantities come: within tlie li« 
mits of probability, and agree /iuffidently 
with experience and observation. /But in 
higher temperatures, thou^ the di^raiee 
of. heat b^ween the opposite strata of air 
should remain the same^ the measure of 
aquQpus precipitation * is greatly increased. 
Thus, while the deposit of inoirture/ iimxi 
the mixing of equal masses of air at; the tem- 
peratures of 40 and 60 degrees, is onfy 6^ 
that from the like mixture at 80 and 100 de^ 
grees, amounts to 19. This result is entirely 
conformable to observation, for showers are 
the most copious during Irot weather and in the 
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tropical climates. The dew which fitUs^ aboiit 
the close of evenings ih some sultry regions, 
such as Egypt, |s alone sufficient to drench, 
the sur&oe of the eardi. * 

Dr Huttoh's account of the production of 
rain, £hough it may want still &rther 
sion, is grounded therefore on correct gene^ 
ral principles. A more precise and complete 
acquaintance with meteorological factSi which 
is only to be derived from multiplied obser^ 
vaticms wi<li the hygrometer, would enable 
iis to pursue and illustrate the details of this 
beautiful theory^ The measure of precipita^- 
tion from the atmosphere depends on a varies 
ty of circumstances,**-^!) the previous diunp^ 
ness o£ the commixed portions of the fluid, 
—their difference of heat,— the dbvation of 
their mean temperature,*— «nd the extent of 
comlbination which takes place. When this 
deposition is slow, the very minute aqueous 
globules remain suspended and form clouds ; 
but if it is rapid and copious, those particles 
conglomerate! and piWuce, according to 
ihe state of the iti^ium with regard to heat,. 
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rain, haU or snow. In fine calm weather, 
after the rays of a declining sun have ceased 
to warm the surface of the ground, the de. 
scent of the higher mass of kir gradually 
chills the undermost stratum, and disposes it 
to dampness, tiU their continued mtermixture 
produces a &g, or low cloud. Such fogs are 
towards the evening often observed' gather- 
ing in narrow vales, or along the course of 
sluggish rivers, and generally hovering \ifithin 
a few inches of the surfc^ce. But in all situa^ 
tions, these watery deposits, either to a greater 
or a less degree, occur in the sa^e disposition 
of the atmosphere. The minute suspended 
globules, attaching themselves to the project- 
ing points of the herbage, form' dew in mild 
weather, or shoot into hoar' frost when cold 
predominates. They collect most readily on 
glass, but seem to be repelled by a bright "sur^ 
face of metal. 

But the profuse precipitation of humidity 
is caused by a rapid commixture of opposite 
strata: The action of swift contending cur- 
rents in the atmosphere brings quickly into 
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mutual contact vast fields of air over a given 
wpOL The separation of moisture is hence 
proportionally copious. In tempel^te wea- 
ther, this depo»tion forms rain ; but, in the 
cold season, the aqueous globules, freezing 
in ihe txdd air into icy spiculae^ which collect 
in their slow descent, become converted into 
flake£i of snow. Ha,il is formed under diffe- 
rent circumstances, and generally in the sud- 
doi alternations of the fine season, the drops 
of rain being coiigealed during their fall, by 
passing through a lower stratiun of dry and 
cold air^ 

From ' a variety of nice experiments, we 
have seen, that the different effects of heat and 
of steam are yet modified by the same laws. 
A conformity may, therefore, be expected in 
the relations of air to those active fluids. As 
rarefaction enlarges the capacity of air, it like^ 
wise augments the disposition to hold mois- 
ture ; at the same time, that the removal of 
the ordinary pressure facilitates the expansion 
of the liquid matter, and its conversion into 
a gaseous form. Accordingly, if the hygro- 
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meter be suspended wfttutt .aklgertediiet 
from whidi a certun parliim c^ air Jb quiddyr 
abstracted, it will sink^ndifapidityrr lojmmf 
mer, llie additianal dryliesB thus jiradfic^ b^ 
mounts to aboiit 30 hygpom^dc d^^sen id/ch 
time the air hacf its 7arefa8kidii.d0iiUali* aa 
that, supposing the operatiim o£ eishaittJkiBg 
to be performed with e^pediticm, and th& na^ 
slduum reduced to a sixtyrfourth.pact#.llie hy^ 
geometer would mark in all tfae.xiescent of 
300 ''• But this effect is only mpmeiitar^, £br 
the thin air very soon becomes charged, wkh^ 
moisture, and consequently ceases to .act cm 
the wet ball of the hygrometec; . T3m cold, 
however, excited on the surface of that bdlp 
by such intense eyaporatk>n, wHl hanre pea** 
viously frozen the. coating. :. ^ 

It hence appears, that the. loftier regioia 
of the atmosphere are comparatively Aacr 
than those below, or that, at the same tem- 
perature, the attenuated fluid » enable of 
holding a larger share of humidity;.. Thas^ 



on the slope of Chimboraiso, an hygrometer, if 
placed in a tent where the air has been wamir 
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ei to the Tnodewte cobditioh tlut pr^ails 
on the dbiores of Liiha, woiild stand about 40 
degrees hi^er thm at the levd of the sea. 
WiAuxai aach a constKtiition of the elem^its^ 
fudeedi our ^obe jiiuBt hkre been shrouded 
in (ierpetoal darkpei^^ £Mr the cold vrhich 
k&ffiB in the nppei ^stmStay woiild have pre* 
vented the humidity £rom ascending to a great 
idevation^ and Jbave {iredpitated it in fogs or 
iitaads^ In .the aotual state of things, the 
diminution of temperature which we en- 
ooonter. in ascending, piredominates at first 
over the augmented^ power of aqueous, solu- 
t!oA {' anditheaip becomes successively damp- 
er, tOi we reach a certain height in the at- 
mosphere, at which the c^posite effects of 
cold and rare&ction aire balanced, and where 
the ^treme of humidity must of course ob- 
tain. Above that limit, which i» the proper 
region of the clouds, the influence of the rar 
rity of the medium must transcend the ef- 
fects of its chillness, and the air will now be^ 
come gradually drier, till it ipsensibly melts 
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away into the clear eth^eal expanse ^«. Front 
the.modified relations, of heat and pressure 
is thus deduced the seat of the cloiids, or the 
boundary beyond .which they can seldom rise^ 
which will be found ta run generally about two 
miles above the line of perpetual congelatiop, 
being most elevated under the equator, aiid 
bending downwards near the poles. 

Smce air, by bemg rarefied, has its sode.of. 
watery solution so much extended, the ap* 
plication of heat must. hence Occasion an e& 
feet proportionally greater iqMm a thin me* 
dium. If a cold body be, therefore, conveyed 
under a receiver from which the air is partly 
extracted, it will produce a Y&cy intense dry^ 
ness. . Thus, at the ordinary, temperature, ii 
frigprific mass of salt and pounded ice, whes 
its encircling air is from fifty to an hundred 
times attenuated, will cause an hygcometeiv 



* Apparet diviim numen, sedesque quietae : 
Quas neque concatiunt venti, neque nubila nimbis 
Adspergunt» neque nix acri concreta pniina 
Cana cadens violat : semperque innubilus aether 
Int^iti et larg d diffuso lumine ridet 
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placed at a^^hort distance from it, to sink at 
least 200 degrees, and still more if the room, 
be warm. Having liierefore m^ed common 
salt i^nth three tiines its weight * of ice in a 
large covered dish of glass or porcelain; near- 
ly equal to the width of a tall receiver passed 
over it, and having introduced, a very few in- 
ches either above or below it, a porous earth'ea 
cup about one half or a third part of the same 
diameter, and filled with water ; on rarefying 
the corii^ned air to the utmost, the small 
bod^ of water exposed to vigorous evapora- 
tion will, at all seasons, speedily congeal,' and 
remain in this frozen state till, after the space 
perhaps of an hour, the compound mass has 
melted into brine and lost entirely its powier 
ofcooUng. The quantity oficy crust gradually 
fonned on the external siu&ce of llie dish con-^ 
takiing the frigorific mixture, ideates the. 
measure of exhalation from the cup, #hich is 
required to produce and support the congela- 
tion during the period of its existenca On a 
principle analogous to what is now stated, 
. Dr Wollaston, to whose acuteness and refined 
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ingenuity, the pliysiaQ^seieiioes are BO.deepr 
Ij indebted, has rece&dj . proposed a ^ety 
simple and portable apparatus, by. wIhoIl 1 
small partion bf^vaier, at a short distance 
from a freezing mixture, may ^ any time b^ 
visibly converted into ice. . c 

The increased fowet qC adeems . solntioB 
which air.acquhres m it grows thinner, bobg 
ascertained and ciafefiilly ixkvestigated^ lay 
next object ; wiis to combing : the BCticm 
of a powei^ aibsorbeniL with the transient 
dryness pr0duced n^ithin a xeceiver liyrare- 
frurtion. Ebying introduced a suHaee jo£ m^ 
fdrnric acid, I perdeived wi& pleasure tiiot 
this subs&nce only superadded its pecidiapr 
attraction for xhoistwe, tothe ocxlinary dfects 
resulting from the progress of ^ exhaustion ; 
and what was still moise ijtnportant^ that It 
continued to support, with andiminii^ed enei- 
gy, the dryness thus created. /Hie attentwtnd 
air was not suffered, as before, to^ crow chw- 
ged with humidity, bit e«hpo«L if tot 
medium, as fast as it became saturated 1^ 
touching the wet ball of the hygrometer. 
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Uaii8p09t6d its vigour to the aeid^ and was 
tfa^ce sent hack denuded of tbe losad, and 
%tei again : to rienew its attack /with £reafa 
yigoarii. !Bjr. tfaia perpetoal dbrciilaticaiy liiere* 
ftnrjBj >!Ktwe^L the exhalijEig and the absoifomg 
9m£iee9 the xdlfose r^^siduupi of air is raain^ 
lainedxonatantfy ^ the same state of dryxies& 
Bot'tfae ff&wimi both of viqpofriaati 
idbsoiption hang ^eatlj augment^ in. the 
ha^mr. tetnpeBatures^ the saine limit :of cold. 
eearly. k kc tStxsiam: attained by a o^ctain 
ofexhaitstionL When the air fam 
mn&eA SSt^times^ the utiiiQat that, un* 
ddar slidi cireiinistanc^, dm pediaps be e£- 
fectedy t&e suifiMse of evapocation is cooled 
doNm . ISO dbgreei of f abceadmt in winlfcert 



iKbij^ a fiur less tenuity of the mediuibi stall 
oombined vith the Acti<« of sul{diuEie acidf 
i»4sapable of producing and si^porting a yery 
Btttenae cohL . If the air be rarefied only StX 
tuneS) a depressicm of temperature will be 
produced amounting to 80 or even 100 de* 
grees of Fahrenheit's scale. 
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* ^ 

V 

\ We are thus enabled, in the hottest wea« 
ther, and in every climate- of the globe^ 
to freeze a. mass of water, and to kei^ 
it frozen, till it gradually wastes away by 
a continued but invisible process of evfxp^ 
ration. The only thing required is, that the 
surface. of the. acid should approadi near to 
that of the water, and . should have a greats 
er. extent, for otherwise the moisture would 
exhale more copiously than it could be trans* 
ferredi and absorbed, and consequently . the 
dryness of the rarefied medium would become 
reduced, and its.evaporating energy essentially 
impaired. The acid should be poured to the 
depth perhaps of half an inch in a broad flat 
diiEb, which is covered by a receiver of a form 
nearly hemispherical ; the water exposed to 
congelation may be contained in a shallow 
cup, about half, the width of the dish, and 
having its rim supported by a narrow me- 
tallic ring upheld. above the surface of the 
acid by three slender, glass feet of two or 
three indies in height. (See fig. 9. J It is 
of consequence that the water should be as 



I 



TO Aeat and moisture. 141 

much insulated as possible^ or should pre- 
sent only a humid surface to the contact ^ of 
the ' surrounding medium, for the dry sides 
of the cup might receive, from commu- 
nication with the external air, such acces- 
sions of heat, as greatly to diminish, if not to 
counteract the refrigerating effects of eva. 
poration. This inconvenience, however, is 
in a great measure obviated, by investingthe 
cup with an outer case at the interval of about 
half an inch. If both the cup and its case consist 
of glass, the process^ of congelation is viewed 
most completely ; yet when they are formed 
of a bright metal, the effect appears altogether 
more striking. But the preferable mode, and 
that which prevents any waste of the powers 
of refngeration, is to expose the water in a 
pan of porous earthen-ware. If common wa** 
ter be used, it will evolve air bubbles very 
copiously as the exhaustion proceeds ; in a 
few minutes, and long before the limit of 
rarefaction has been reached, the icy spicuke 
will shoot beautiftilly through the liquid mass, 
and entwine it with a reticulated contexture. 
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As the process of congelation goes forward, 
a new discharge of air from the sid)stance of 
the water takes place, and marks the r^ular 
advances of cbnsolidation. But after tfa6 w»» 
ter has all become solid ice,, which, unliass it 
exceed the deptb of ah inch, may generally 
be effected in less than half an hour, the cir- 
cle of evaporation and subsequent absoiption 
is stUl maintained. A minute film of ice, ab« 
stracting from the internal mass a redoubled 
share of heat, passes, by invisible transitions, 
successively into the state of water and of 
steam, which, dissolving in the thin ambient 
air, is conveyed to the aCid, wheie it again 
assumes the liquid form, and, in the art of 
combination, likewise surrenders its heat 

In performing tjiis experim^it, I g^erally 
seek at first to push the rarefaction as &r as the 
circumstances will admits But the dispoMtion 
of the water to fill the receiver with vapour, 
being only in part subdued by the action of 
the sulphuric iacid, a limit is sodn opposed to 
the progress of exhaustion, and the includ<« 
ed air can seldom be rarefied above a hun- 
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<}red tioieS) or till its elasticity can support 
Qo moie than a column of mercury about 
three-tenths of an inch in height. But a 
much smaller rarefaction, perhap9 from ten 
times to twenty times, will be found sufficient 
to support congelation after it has once taken 
|dace. Tlie ice then becomes rounded by de« 
greea at the edges, and wastes away insensibly^ 
its sur&ce being incessantly corroded by the 
play of the ambient air, and the minute exhala- 
tions conveyed by an invisible proeesa to Oift 
sulphuric acid, which, from its absorption of 
the vapour, is all the time njaintained above 
the temperature of the apartment. The ice^ 
kept in this way, suffers a very slow consump- 
tion ; for a hunp of it, about a pound in weight 
and two indhes thick, is itometunes not en- 
tirely gone in the space of eight or ten days. 
During the whole progress of its wasting, the 
ice still commonly retains an uniform trans- 
parent consistence ; but, in a more advanced 
stage, it occasionally biBtrays a sort of honey- 
oombed appearance, owing to the minute 
cavities formed by globules of air, set loose 
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in the act of freezings yet entangled in the 
mass, and which are afterwwdft enlarged by 
the erosion of the solvent medium. 

The most elegant and instructive mode of 
effecting artificial congelation, is to perform 
the process under the transferrer of an air 
pump. A thick but clear glass cup being se- 
lected, of about two or three inches in dia- 
meter, has its lips ground flat, and covered 
occasionally, though not absolutely shut, with 
a broader circular lid of plate glass, which is 
suspended horizontally from a rod passing 
through a collar of leather. (See Jig. 10. J. 
This cup is nearly filled with fresh distilled 
water, and supported by a slender metallic 
ring, with glass feet, about an inch above the 
surface of a body of sulphuric acid, per- 
haps three quarters of an inch in thickness, 
and occupying the bottom of a deep glass ba* 
son that has a diameter of nearly seven inches. 
In this state, the receiver being adapted, and 
the . lid pressed down to cover the mouth of 
the cup, . the transferrer is screwed to the air. 
pump, an4 the rivefiiction, und^r thQse cir* 
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cinnstaacesy pushed so far as to leave only 
about the hundred and fiftieth part of a resi-» 
duum ; and the eoek bemg turned to secure 
that exhausticm, the compound apparatus is 
then diStached from the pump» and removed 
into some eonreniant apaitttient. As long as 
the cup is covered, the water wiU remwi quite 
unaltered ; hut ob drawing up the rod an indi 
or more, to admit the play of the rare medium, 
a bundle of spicular ice win, in the space pcr^ 
haps of five minutes, dart suddenly through 
the whcde of the liquid mass ; and the consoli* 
datibn will aftevwacds de8cendregnlarly,thidc- 
ening the h«MJ2ontal stratum by insensible gra^ 
dationS) and lormii^ in its progress a beautiful 
transparent cake. On letting down the cover 
again, the process q£ evapcoraticm b€»ng now 
checked or almost entirely stopped, the ice re- 
turns slowly into its fiNrmer ccmditicm. In this 
way, the same portion of wat^* may, i^ven at 
distant intervals of time^ be repeatedly ccm«- 
gealed and thawed successivdy twenty or 
thirty times. During the fint Operations of 
fteeziDg^ some air is liberated ; but this ex^ 



' > 
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trication diminishes at each subsequent act> 
and the ice^ free from the smallest specks, re^ 
sembles a piece of the. purest crystal. 

This artificial freezing of water in a cup of 
glass or metal, affords the best opportunity 
for examining the progress of crystallization. 
The appeanance presented, however, is ex- 
tremely various. , When the;frjgorific action 
is most intense, the congelation sweeps, at 
once over the whole surface\of the 'water, 
obscuring.it like a cloud. : But:inrgeneral;the 
process advances : more ' slowly ; '; bundles . of 
spiculae, from difierent points, sometimes 
from the centre, though commonly firom the 
sides of the cup, stretching but and spreading 
by degrees with a sort of feathei^ed texture.^ By 
this combined opeiration, the surface of the 
water soon becomes an uniform sheet of ice« 
Yet the. effect is at times singularly varied; 
the spicular shoots, advancing in difierent di- 
rections, come, to inclose, new the middle of 
the cup, a rectilineal space, which, by unequal 
though continued encroachment, is reduced 
to a triangle ; and the mass below being part- 
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fy frozen and therefore expanded^ the water 
is gradually squeezed up through the orifice, 
and forms by congelation a regular pyramid, 
rising by successive steps ; or if the projecting 
force be greater, and the hole more contracted, 
it will dart off liie a pillar. The radiating or 
feathered lines which at first markthe frozen 
surfece, are only the edges of veiy thin pktes 
of ice, implanted at determinate angles, but 
each parcel composed of parallel planes. This 
internal formation appears very conspicuous 
in the congealed mass which has been remov- 
ed from a metallic cup, before it is entirely 
oonsolidatied. ' 

' When cups of glass or metal are used, the 
cold exdted at the open surface of the liquid 
extends its influence gradually downwards. 
But if the water be exposed in a porous ves- 
sely the process of evaporation, then taking 
effect on ajll sides, proceeds with a nearly re- 
gular consolidation towards the centre of the 
mass5 thickening rather foster at the bottom 
from its proximity to the action of the absor- 
bent, and leaving sometimes a reticulated 
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space near the middle of the upper suz&ce,- 
through whidi the air^ disengaged by ike 
progress of copgdatioiiy makes its eaeapei 
When very feeUe powers c^ refrigeration are 
employed, a most singular and beanti^ dsfh- 
pearanee is in course of time slomi^ paco^ 
duced* If a pan of porous eftrtheBHirai» 
from four to six inehea wide, he fiUad to tibe 
utmost with common water tin it riae abov« 
the lips, and now planted above a dbhof ten 
or twelve inches diameter, containing a bodf 
of sulphuric acid, and having a round bmd 
receiver passed over it ; on reduciiig tibe iiK 
eluded air to some limit between the tweiiti^ 
eth and the fifth part of its usual density, ac* 
cording to the coldness of the apartment, tihe 
liquid mass will, in the space of an honir a 
two^ become ^itwined with icy shoots, which 
gradually enlarge and acquire more solidity, 
but. always leave the fU>ric loose and un- 
frozai below. The icj crust which covers 
the rim, now receiving flnntlnvftl acoessioDa 
from beneath, rises perpendicularly by insen* 
sible degrees. From each point on the rough 



TO HEAT AND MOISTURE. 149 

r 

sm&ce of the iressdiy filamaoits of ice^ liba 
bundles afsprnk^asSf are piotmded^ fed by 
the braBidky oonTeyed liiroii^ its subrtance^ 
and farming io their aggregatioii a fine sil- 
very sm&ce^ analqgoiis to that of fibrous 
gypsmii cor satUf^qMer. At 1^ same time, 
Mtodmet smiifar growth^ tlu>Hgh of iess extent^ 
takes place xm the trader iide of llie pan^ »o 
tiiat continuous ky threads mi^ht appear 
vertically to timnspieroe tiie vmte. The whde 
of llie bottom becomes Ukewiae covered over 
«4th elegant icy foliatioi»s. Twenty «r thirty 
bouff s may be re(|aired to pvoduoe those sin^ 
gok« dSbcts; but the upper body of ice con- 
tttiies to rise ibr the space of several days^ 
till it forms a circular wall of near tibse indies 
m height, leaving an interior grotto lined 
witfiftMastic^pupes of icicles. Inthemean-* 
while, the exfoliations have disappeared from 
the und^ side, and the outer incrustation is 
reduced, by the absorb^g process, to « narrow 
ring. The icy wall now suffers a regular 
waste £rom external erosion, and its fibrous 
structure becomes rounded and less apparent. 
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Of its altitude, however, it loses but little for 
some time; and even a deposition of congealed 
lilms along its ceding or upper edge, seems to 
take place, at a certain stage of the process. 
This curious effect is owing to a circumstance, 
which, as it serves to explain some of the 
grand productions of nature, merits particu- 
lar attention. The circular margin of the 
ice, being nearer the action of the sulphur 
ric acid than its inner cavity, murt suffer, by 
direct evaporation, a greater loss of heat ; 
and consequently each portion of thin air 
that rises from the low cavity, being chilled 
in passing over the colder ledge, must dqpo- 
site a minute corresponding share of its mois- 
ture, which instantly attaches itself and in- 

_ • 

crusts the ring. Wh{^t(Bver iQequalities ex- 
isted at first in the surface of the ice, will 
hence continually increase. 

This explication seems to thro^ some light 
on the origin of those vast bodies of ice which 
occur within the Arctic Circle, and which, 
towering like clustered peaks above the sur- 
fac!^ of the ocean, have received the name of 
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kebergs. They frequently project above an 
hundred feet, and must therefore have ten 
times as much depth concealed under wa- 
ter. To suppose. them to have been de- 
tached from a solid fidd of such tremendous 
thickness, would seem utterly improbable; 
It may indeed be doubted, whether any part 
of the ocean be ever naturally frozen. The 
ice which I have formed from salt water by 
the frigorific process, was always incompact, 
inclosing brine within its interstices, and re- 
sembling the aspect of what is called water- 
ice, or dilute syrup congealed. Perhaps an 
extremely slow congelation, descending re- 
gularly from the surface, may press down the 
saline particles, which are never absolutely 
detached from the water, and thus force them 
to combine more largely with the mass below. 
But even admitting this idea, it would be still 
required to account for the gre^t elevation 
of those icy cliffs. The most satisfactory mode 
probably of explaining the phenomenon, is to 
refer it to the operation of a general principle, 
by which the inequalities on the surface of 
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a iield of ice must be con^aittly increased. 
13^0 lower parts of the field, being nearer tibe 
tempered mass of the ocean, are not so cold 
as those whidi project into the atmosphere, 
and consequently the air which ascends, be* 
coming diiUed in sweeping over the eminen- 
ces, there deposites some of its moisture, 
forming an icy coat. But this continued in- 
crustation, in die lapse of ages^ produces a 
vast accumulation, fiU the sfaiapeless mass is 
at length precipitated by its own wei^t 

Oth» natural phenomena will receive il- 
lustration from the fax:ts disclosed by the r&* 
£rigerating process. In the rigofous climes 
of the north, the dtematicms of the seascms 
are most rapid. On the approach of spring, 
the thick fields of ice which, in Russia or 
Canada, cover the Neva or the St Lawrence^ 
break up with overwhelming fury, acconq)aiu- 
ed too by tremendouis explosions. Nor is tbis 
noise to be ascribed to the mere crash of the 
falling fragments. In those frightful climates, 
the winter at once sets in with most intense 
frost, which probably envelopes the globules 
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of air Mpaxated from the water in the act of 
Gongdationi and, ixiTading them on all sides^ 
reduces them to a state of hi^ condensation. 
When the. mild weadier begins^ therefore, to 
prevail^ the body of ice, penetrated by the 
warmth, becomes aoft and friable ; and die 
mmute biit numerously interspersed globules 
of imprisoned air, exerting togedier their con- 
centrated elasticity, produce the most viol^it 
explosive disruptions. 

If we examiiie the structure of a hail-stone, 
we slidl perceive a snowy kernel incased by 
a harder crust. It hm very nearly the appear** 
ance of a drop of water suddenly froz^i, the 
partides of air bdng driven from the surfiuse 
towards the centre, where they form a spongy 
texture. This circumstance suggests the pro^ 
baUe origin of hail, which is perhaps occ»- 
^ioned by rain fidling thixm^ a dry and very 
cold stratum of air. As the coagealed drops 
arrive impregnated with cold at Ihe milda: 
atmosph^e near the ground, they besides 
acquire, from external deposition, a sort 
of snowy investure. An experiment might 
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even be devised for illustrating this formation. 
Suppose a capillary funnel, through which a 
little water would percolate so slowly as to 
drop only every two or three minutes, were 
placed at the top of a very tall and narrow 
receiver that has its air made extrengiely dry 
by the joint influence of rarefection and ab- 
sorption ; the successive drops would, in their 
descent, be frozen into globules resembling 
hail. 

In rarefied hydrogen gas, the process of 
artificial congelation is performed with still 
greater rapidity than in atmospheric air. No 
material advantage, however, can be derived 
from this property ; for, in the former me- 
^dium, the cold actually excited is yet, under 
like circumstances, about a tenth part less. 
In performing this experiment, the apparatus 
is disposed in the usual mode and the air ex- 
tracted, and hydrogen gas being inmiediately 
introduced from a gazometer, the rarefaction 
is again renewed. If this subtil gas dissolve 
a larger portion of moisture, it likewise cocor 
muhicates to the exhaling surface a corre- 
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spending augmented share of heat Ice, con, 
fined under hydrogen gds, at every degree of 
density, wastes more than twice as fast by 
evaporation, as under common air of the 
same elasticity. 

But the combined powers of rarefaction and 

absorption are capable of generating much 

gre&ter effects than the mere freezmg of water. 

I have in winter, when the density of air in* 

eluded within a receiver was reduced to about 

the five hundredth part, excited a cqM of 

125 degrees by. Fahrenheit's scale below the 

temperature of the room. In the fine season, 

therefore, and with a better arrangement, p, 

still more intense refrigeration might no doubt 

be produced. Such firigorific energy, however, 

is at all times sufficient for effecting the con* 

gelation of mercury. Accordingly, if mer-- 

cury, contained in a hollow pear-shaped piecQ 

of ioe, be suspended by cross threads near 

a broad surface of sulphuric acid under a 

receiver; on urging the rarefaction, it will 

become frozen, and may remain in that 

solid state for the space. of several hours. 



156 BEUITIONS OF AIK 

But this vary striking experiment, is easi- 
ly performed without any fereign idoL Ha- 
ving introduced mercury into tlie large fanfii 
of a tbermometer, and attached the tube to 
the rod of a transferrer, let this be placed 
over the wide dish ccmtainmg sulphuric add, 
in the midst of which is planted a irary small 
tumbler nearly filled with water : After the 
included air has been rarefied about fifiy 
times, let the bulb be dipped r^eatedly into 
tibe very eold bust unfrozen watgr, and agaiq 
drawn up about an indbi ; in this way^ it will 
become incrusted with successive coats of ice, 
to the thic^ess perhaps c^the twentieth part 
of an inch : The water being now removed, 
the pendant icicle cut away from tibie bufi>9 
and its surface smoothed by the touch of a 
W4iTm finger, the transferrer is again r^kced, 
the bulb let down within half an inch of the a- 
cid, and the exhaustion pushed to the ut&;iost: 
When the syphon-*gage has come to stand un- 
der the tenth of an inch, the icy crust starts 
into divided fissures, and the mercury, having- 
gradually descended in the tube till it readi 
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tte point of congehtfion, or 39 d^rees bdiow 
ttotldng^ sinks bj a sudden contraction almost 
iabti date csvitjr of the bulb; abd the apparatus 
bekig theoTemoved and the ball broken, the 
ntelal appears a solid diining mass, that will 
hear tibie stroke of a hammer. 

Such eaiormous powers of refrigeration 
seem to open a wide prospect of future dis* 
cov^y. If the madiinery of the air pump 
wece impibved9-~if a fluid were selected more 
evaporable than water,— and if an absorbent 
substratum were employed of greater energy 
than sulphuric acid, — we might expect to 
produce effects tbat quite transcend the ordi^ 
nary limitSt Alcohol, for instance, will, un- 
der like circumstances^ cause by its evapora- 
tioB at least ten degrees on Fahrenheit's 
scale more cold than water ; its fumes being 
constantly withdrawn from the thin air, by 
tlie power of the same absorbent. But the 
muriate of lime, thou^ generally feebler in 
its action, yet appears, at a certain state of 
preparation, to attract humidity more ^eedi* 
ly than sulphuric acid. Other deliquescent 
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substances will no doubt be foimd to possess 
similar, and perhaps still higher, powers of 
absorption. ' By those joint energies, exerted 
in vaporizing and again .condensing, an ex- 
trenie cold majr be procured, capaUe of per- 
haps effecting new 'combinations among bo- 
dies. Some liquids that have hitherto resist- 
ed congelation, will hence be frozen, and cer- 
tain gasiBOus fluids, converted into liquids. 

But almost every practical 9bject is attain- 
ed, through far inferior powers of riefrigera- 
tion. Water is the most easily frozen, by 
leaving it, perhaps. for the space of an hour, 
to the slowaction of air that has been rare^ 
fied only in a very. moderate. degree, l This 
process meets 'with less impediment, and the 
ice formed by it appears Mikewise more com- 
pact, when the water has been already purg- 
ed of the greater part. of its combined air, ei- 
iher by distillation or by long continued boil- 
ing. '- The water which has ^ undergone such 
operation, should be introduced as^quickly as 
possible ijito a decanter, and filled up close to 
the stoppei*, else it will attract air most greedi- 
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ly, and return nearly to its former state in .the 
course of a few hours. 

Artificial congelation is always most com^ 
modiously performed on a large scale. Since 
the extreme of rarefaction is not wanted^ the 
air pump employed in die process admits of 
being considerably simplified, and rendered 
vastly more expeditious in its operation ; 
Two or. three .minutes at mostiWillbesuffi-f 

« 

cient. for .procuring tlie degree, of exhaustion 
required/ and the combined powers of :evar 
poration and. absorption will ^erw'ards gra- 
dually produce their capital effects In general, 
i prefer plates of about a foot in diamteter, 
and which can be connected at pleasure with 
the main body of the pump. The dish hold^ 
ii^ the sulphuric acid is nearly as wide as 
the flat receiver ; and a set of evaporating 
pans belongs to it^ of different sizes, from 
seven to three inches in diameter, which are 
severally to be used according to circum- 
stances. The largest pan is employed in the 
cold season, and the smaller ones may be 
successively taken as the season becomes sul«- 
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try. On the wfaole^ it is better not to oveir 
strain the operation, and rather to divide the 
water under different receiver^ if untusLual 
powers of refngeration should be required. 
As soon as the air is partly extracted irom 
one receiver, the commiuaicatioa is inuaoedi* 
ately stopped with the barrel of the punip« 
and the process of exhaustion is^repeated o« 
another* In this way^ any number of re^ 
ceivers, it is evident^ may be connected with 
the same madiine. If we suppose but six of 
these to be used, tihe labour of a quarter of 
an hour will set as mqjny evaparating pans in 
full action, and may therefore in less than an 
hour afterwards produce nearly six pounds of 
solid ice. The waste whidi the water susr 
tains during this conversion is extremely 
small, seldom indeed amounting to the fif- 
tieth part of the whole. Nor, till after mi|lti- 
plied repetitions, is the action of the aub- 
phuric acid considerably enfeebled by its 
aqueous absorption. At first that diminii*- 
tion is hardly perceptible, not being the 
hundredth part when the acid has acquired 
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as inikh. as the tenth of its weight of water* 
But mjtsh influieace gaiiis rapidly^ and riises 
with accelerated : prdgresdbiu' Wh^i the 
quantity of, moisture absorbed amounts to 
the fourth ptot by weight of Ae a^id., the 
power df Mip|Kirtiiig ccAd is diminished by 
a tw€»tietb ; : and aftec the weights :<^ both 
these come to bfe^equaly the refrigerating ener^. 
gy is leihiced to Ites than the hal£ ", !Sulphu^ 
ric acid is hence capable of eflfecting the con-< 
gelafeioa of morie than twenty times its weight 
of water, before it has imbibed near ah equal 
bi&. of that liquid, or has lost about the 
eighth :part of its refrigerating power. The 
aHd'jshould then be removed, and concentrat- 
ed anew by slow distillation. . 

But though the freezing of water is always 
performed to the best adrantage in a ku^ 
apparatus, a Umit.will soon occur to the scale 
of magnitude. Since the efficacy of the process 
depends on the qiiick circulation maintained 
between the opposite exhaling arid absorbing 
sur&ees^ ' and (Consequently on their close 
proximity, the very esctent of those surfaices 

L 
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imist have a tendency ta tetard and onifesbltf 
their opersction* Aceordrngly, whMi flie 
earth^fi p^ b uniunifdly i^ide^ the ^ntn) 
portion of its water^ being moit dlsUfuft JtMtt 
the acidy seldom hecotnrei^ iinidy Vfongeftlod^ 
The measittre df cold pilDdueed^ M; the mib0 
temperatitrd, aiid With the name f««^SKition^ 
is deterthined^ hy the iiiu|»d pfO]^iiitkM «f 
the humid i&d df the absorbent aobBtance^. If 
the comifiunication between them Wttre quite 
in8tan*a«€ao«, the eflfect reiuhing &am tixfa 
contending powers would be an exact teeaii. 
But the imnkifying infin^oee of die Water and 
the desiccating action of the acid^ tee eadi of 
them greater in their iimsiediate Vicinity* ISei<* 
ther does the evapomtion, ih^oi^, aoct&e 
subsequent ilbsorptipn^ take pla<^ to theiull 
extait. In most cases^ it wiB be snffioietttiy 
near the truths to estimate tibe e$9ct on a 
suppositiob that tibe surfiice of the acid were 
doubled^ or that of the acid vrere xediiced to 
the one hal£ Thus^ if tibe diflfeieutial tibcar- 
mometer, having its t entient ball incmsted 
with ice, in the rare medium^ beside the iackl^ 
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Atone majrhed 300 degrees o£ dryness ; as- 
samui^ d^e bumid sui&ce to be only the 
feurtbpgrt ofthflt of tke abseri>ent, the aetion 
ifeonld be isAuured in the rado o£oiie to a half, 
or HhedrynmB oTtte thin fluid encirding the 
iMtor wmild raack but to 90O d^ees, and 
ooeattoi a depiesBioii of temperature of no 
mm^Amtm degress on Fidireixhait's scale; 
and if bo& tbe siufiices were ..equals the' e& 
^feotive dryness woi^ be reduced to lOO^ and 
Ifae coU. resnlting firotti the operation dimi- 
msbed fironi M to IB djegrees^ 

When the exfattHng^ and absciibing snr&ces 
ar« rij^ly dssposed and apportioned^ the 
BMideAte rar«fiiekibii^ from twenty to forty 
ttfanesy whkh is adequate to the freezing of 
iwater^ may be readily procured^ the conden- 
satibh of steam. In att maixii&ctures where 
tbe steam-engineiA enployedi icemay^ there^ 
fibfre^ at aB timea be jfornted in aiiy quantity^ 
and with very little additiMial expencew It is 
cooiy required^ to biiz^ a narrow pipe from 
the condensing vesseU and to direct it along 
a range of i^eivers, under each of which the 
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water and the acid are severally placedir 
These receivers, with which the pipe com^ 
municates by distinct apertaies^ may^ fi>r the 
sake of eccmbtny j be constracted of cast4ron^ 
and adapted with hii^es to Oie rim of a 
broad shallow dish of the same metal, but 
lined with lead to hold the add. rOlber >im« 
provements^ of a practical nature, might.^asif* 
ly be devised, to smtpartic«d«}. objects 

But the excessive dryness / of the rare me- 
dium, exposed to the action* of an ab8ori>ent, 
is capable of beifig 'nusefillly tumedto ^ther 
purposes^ besides that of coi^olatidn. J9irds 
and other small objects in natural histmy, /if 
introduced within a rettseiveic beade A.&ndjr 
of sulphuric add, would by farg^ttstion . be^ 
x^ome, in a sliMrt timei^ mosfctfifffeeludly dried, 
without suffering any derangenirat or injuiy 
of their parts^ which the vioknt heat. of an 

m 

oven is apt to occasion. Some anatomical 
preparations might be managed, in tliesame 
way. This process, indeed, ekaetly resem- 
bles what nature is said to perfcmn on the 
bodies of those unfortunate pi]grims> who are 
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8i]4dmly ovBfwhelmed by tornadoes amidst 
the sandy and arid plains of Arabia. 

In a rimilarway^ could gunpowder be con- 
veniaatily brought to any required degree of 
dryness, widiOKEfc incurring the risk of those 
tembte 6iL{d(MBMns which so frequently hap-^ 
pen Bft the ordinary mode of opeifation. The 
powder and the, add being exposed in dis- 
tintt but commimicating cahambers, and the 
indudad air loniy ^sU^tly rarefied, might 
easily, fay means of asiibple machkiery, be 
driiFcn alternately &om the one to the other, 
and thui| made to transport and deposite its 
watery stoi«. In some cases, wit^iout em- 
ployi]^ rare&ction at all, it'may be sufficient 
merdy to ftnrce die air which has been dried 
by being confined with a body of sulphuric 
acid^ to pass over th^smftoe of the gunpow- 
der. But k' would be premature to enlarge^ 
on a wl^ect, whidi,.fix»n its general import-* 
ance^'Seenis to claim the consideraticm of our 
public Boacda. 

The process which has been so fiilly de- 
serihedf for producing dryness, and thence the 
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cooling and congelation of water^ imj be 
justly deemed an objert of wtensiTe vtStity. 
In tins island, the use of ice at tabie ia con- 
sidered as a mere l^xu]y ; but^ In tibe hot 
climates, that practice is yiewed in a very 
different light, as an mdii^iraiMble necessary 
of life, and highly gratefid and salnlNnoiis^ 
The ancients were aecustmned to cool iimx 
liquors daring summer, by the iniusioii of 
|iure snow carried down on purpose hem die 
mountains* But, about the middle c^ the M- 
|;eenth century, the method was dBscbvered in 
Italy, of freezing watar anew, by appi^liop 
of the superior cold produced from the wix^ 
pxfte of anow with salt or nitre. In the East 
btdies, great e:q>ehce and attention : are be^ 
stowed,'in procuring tHe r^Ereshment of eod 
drinks. On the coast of Malabaar, die air is 
generally too humid, for producing any coin* 
siderable effect by evaporation ; btDtt, in the 
interior of the province of Bcsigal, during 
the continuance of the dry season, whi^i a 
piecing wind generally blows from tiie lofiy 
mountains of Thibet^r films of ice about'die 
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tfaeradfia the momings' ixom i^ sui&ce of 
sUOem «fKihi» pads «st doM to tbe^ground, 
ia.^itfl.lu|ed..wiih the. bamboo naed» and 
iriu«h.b«iie)MNWLfiUfld tba pfccediog eveniog 
wA ^imter provioudy boiled aaod again snfi- 
&rod t» cooL Tliese tfain aheets of ice ave. 
inuiiMfialcly ramiuadtoiKetlier into n cofT* ff*ift - 
auHa^ ami sentdomi) packad in wools to Cak- 
onttiia ^vA liuiiiig at leaat four months of 
the yoKTf thiB neabiiBce:ifite31y£iUB;.a the 
setdeUf iiiprivfid iof tbetr usuftl indttigftnc^f 
dMn anS^ iioni isxoeiBiye languora 



In t^e Watt Indies aganif and tJie adjacent 
aiunin of Aiiierifia» our ooloiiifltB are, at all 
tbi^ea, Idb witboiit any such rdic^ to ataoage 
tiie fauramg heaia of a peatilent diqiale. 
£vm at honiCf ide^houusii^ oAaa £nl ^d tbeiF 
constractioiif and are aeidom icanid to an* 
swer in the southern and western districts^ 
such as Devonshire and Cornwall. To pro- 
cure ice, therefore, independent altogether of 
the disposition of the sky, is a benefit of no 
nnall importance. A minute fragment of iqe 



\ 
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will yet be sufiicient in melting to diiU a^vief y 
large body of water. Biit tke cbld $£lmhn>hm - 
been employed with the hi^piesti aucteMr^t 
certain stages of fever* CaolMig..dfai^te 
may 9 in many casei|, too, be adminislntd witli/ 
dbvious advantage ; and though moiicol im*: 
ters are not always conwstentr^^hfV with 
thonselvas or with nfitute^ the imiferm be- 
lief and experience of whole nations wSEk^ 
ciently establish the utility of the i^licadim 
dP cold, bpth exl^momy and int6ma%9 in a 
wide variety of 4i«ofdei» vi^mAk astail the h«* 
man frame; It may i not therefore ibe toa 
muc^i^ perhaps, to expeoty that tm eoh^tra- 
ed; atid pipvideiit. ^iwmiacnt will-be dUfios^ 
ed to &0icovafigs,iike'inixodiv^&i.c{ i^^ngdn 
rating madiines i|it» pw iailit«r^ hospitala ia 
the tro|>ical dimfttesf imdi Ulceiidae on bom^ 
Indiamen and the hx§m sh^i oi'Vmn. . . 



.11' 
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I muisrt; now close this iengdiened train of 
in^wstigttliim. Without entering much into 
d^^il^ I have endeavoured to exhibit the prin-*' 
cqpal. facts and reasonings in a compressed 
ibrm* It will therefore not foe judged super«- 
fluous^ p^aps, in conclusion, to take a con- 
cise vetraspect of tihte whole. 

Hie Vaaricms effects of heat are dedudble 

* 

froni the operation of a peculiar subtle fluids 
pvobablj the same as light, which combines, 
with bodies' in very different proportion!^, 
Hydn^n gas. contains the largest. share of j[t» 
and mercury comparatively the ilmallest. Hiis. 
Irest is primarOy derived from the ineidaficei: 
of the solar rays, but distributed oii the earth 
by a very unequal aUotment^ according to the 
obliquity whkh the sur&ce of our globe pren 
sents to thesuii in the di&xent latitudes. The 
original ineqnatity, however, is greaUy redu. 
ced, by that perpetuals though indirect oommu-^ 
nication^ whidn is maintained by the motioii 
of the atmocqphere between, the poles and the 
equator. The currents fiom the south con-f 
vey wannth into the northern r^i<msy and 
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iJie opposite caimnts, in theiar tum^dti 
itig cold, senre to: mitigate the hiiniingiiiQate 
within die tropies. ; Frcm this lict» combinad 
with the suppositiony ^kat 8i»sh a nmtUfliimDfk 
fer ifl5 by the agctacy of «*lkpie iraids, e&ct. 
ed completely twice every year btttwe^.tfat 
poles and the equator, the meaii tempmastore. 
(^ any place, at this level of the aea, ftiay be 
derived by calculation, agreeing renaackaUy 
nearly with the results of actual dbservalioii. 
Again, the cold which prevaiia in the higher 
spaces <^ the atmosphere is oo»sio!ii6d . by 
A [Similar fmt ftr niore speedy coninumicatimi^ 
su]^orted between the lower and upper stat^ 
Tbm ak, by its ccmstitutien, holdB a eaupa^ 
rativeiy larger skate lof heat. i^uy^porfcioB of 
Ihe ismhieafit mediun that ascends fixm the 
sar^M^e-must havB^ itn-temperalm^ ^iiniiiiidbb* 
ed, and the oovraspoading .poiitioirwhidi £dhi 
ckMvn mU, as-to «Mm^ iieoMQ|r:^iritiiner» Id 
iMisequenee of ihe-rapU'^ i^w^ 

ohange whidi 4)b6uaMi, the dmoB absolute 
measure of heat i^sts at afi -hieights ijot the 
«tmo^hex;e, and its apparent idecnme pnv 
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eeeds idiioUy Scorn tiuit eidtr^inieBt of capo- 
ctty ivliich the nttMHHtodl fluid acquires. 
ISieoiy hms eonmpauiB^ exaetl j with obaer*- 
T^timu 

Heat is not malj diatrilmted amoi^ bodies 
ia VancMtts pioportioiiBy bi|t itgptndB through 
dteni With rery diffctoxt dt^naes o£ cderUij. 
ThffNa^h diy wood or eidernlown it works its 
varjr with iractrenie difficulty ; jet^ throii^li &e 
flense substaiice of wlxa^ k tcavds with . a 
i^^pid progress. In solid bodies, heat is con** 
dwted by moons of a r^^eated tmisfer^ eack 
pQiti<Hi m tbetnin of ixnmmmde^Aiabmig 
sueseisffv^ affKiaed, aad ai^ivays delivenii^ 
itfi rarpluB iramith to the next portion in ad-* 
vanee. But^ in liqmdsy the mode of diftision 
b more eoiii|dex; and besides the sucxsessive 
tnnsfer of lieat along the extended: mass, a 
much krger es|ie&diture iapsodnoed^ by the 
ooiitiiniudm]|p*alaflii.of thehidat^ parts of the 
medium, hi itie gaseons or eiastic fluids, 
again, there ia combined ianbtWt and inoB£ 
unexpeeted element of cBapersion.. A part 
of lAie heat ditdmrged 'fix)m a warmiiody is 
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always darted to a distance by a sort of rapid 
vibratory commodon, exertedy like the im-^ 
pression of sounds on the ambient air. %i» 
portion, emitted froni a surface of glass or 
paper^ iPill in gaieral amount to half of the 
whole expenditure ; but, from a bright me^^ 
tallic surface, it is abotit ten times less. A 
vitreous surface, on- the other > band, wiU, if 
opposed to the tide cf heat, receive neaziy 
the whole impression, while one of polished 
metal will detain only the tenth part, reflect** 
ing back all the rest. . To this curious and 
interesting brandi >of the i^ubject of heat^ I 
have partioulaiiy directed my researches } 
and the application <^ the' dufferential ther-* 
mcmieter, which was contrtvedto indicate die 
smallest cjiai^ges^ in* the tepiperatute of its 
communicating hsihi has proved a sj^ ^d 
ea^ guide* ill teapihg cut some. odB the more 
recondite properties of matli^v A^ariadion «f 
that instrument j called the''pyitiscope, and 
having one of its bieilh ^^ik^ is^especialfy fit^ 
ted fqlr sudi examination; l%je pecidiar ^ 
fects exhibited, seem to pmceed Irani those 
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different degrees of. contact. which must cbs^ 
4ain betwe^i the air and the iautface of ghns 
w: of metals the approsJiAatioii, and conse^ 
queatly thie impresBion rec^ivjed or commu*^ 
Aicatodvb^ing JMndi greater m the former 
than in the hitter^ 

: Diififeradtbodies not only contain heat in va^ 
iious proportion^ but undergo mutationain 
thatvespectateveFychangewhidb occur in theit 
<xui8tituti60 or. internal amu^mefnt. Water 
is subject to stcikisig alteraticuis in. its affinities 
Id beat lii the form ofiee, it hdids a tendi 
•part less heatiium faefeie ; but» ita. tbe state of 
irtefUB or yapour, it contains above a lialf miMs^ 
tban it did in ito lupid cmklitioD. Hence ldi$ 
d^rees .of heat by Fahrfiidiett*s acale.are e* 
volyed in th0.a«t of ciHigelati(Mi» and 9i5.ab« 
4sarbed in the conver^n «f watec into, steainii 
£¥iqpoisatioB fiom a hiunid aiu&ce) thevefete^ 
nakies it ooldtir. ]^ to tin* def^nsaion dT 
temperatiifie.there is to «nd«it litnit^avheti the 
eMlrding «r otHnBtuHicateS) by its oontaot» 
exactly as.much heat, as it absorbs, in unit^ 
uig with the quantity, of voporized moisture 
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Ibr Its Mtnn^mi. Hie cold fiiiu 
Induced^ hence marks the dryness of tbe an^ 
bient mediun. On this principle^ I have 
constructed the hygFometer^ whi^ pTOodses 
to become an instmment not qnly usdSul toi- 
wards the ^ctension of pUdosophy, font, of 
great service in the impffovenumt of the arts 
and maiui&ctures* It derives elueidatiatt 
!fix>ni comparison with the atmometer^ whiohy 
thou^ grounded on simplet data^ is yet su8» 

Heat and moisture in all their rehition% 
appear to foUow the same kws. If rare&c^ 
tion enhnrges the capacity of air £br heat^ it 
likewise conununieates an increased power 
of omt^ining: htimidity. The higher regions 
of the atmosfrfMNre are henoe cranparatrrafy 
dikr than the lo^er^ or, at the same tenipsk 
ratun^ they would have a greater efl^ on llie 
hygrometer* in ascending, thefefore, theoe 
eLevstions, the dontimiid dimihatani o^ heat 
aeogments at firat the dttttpneas of the air, tiU 
we readi its extreme liniit, or the ordiawrj 
si»t g£ the donds, above whi(^ ikie kffvctd 
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iHttetiisAtioli bqpm to ptedominate arer the 
cold, and^ the^ait gvowB pni^eiaiyelj drier 
and* clearer^ tM at kngfcbt it mdlts away in the 

£flidaofetber.v 

' Hie power of air to contain or digaolve 

moiatitte is augmoited fay heat in. a npid 

progtesftionr doafaiii^ for elude rise of ten^pep* 

ratwe corveii^poiidingto 127 degrees on FakDeih» 

hoit'ii scale. When two parcels of hnnud air 

ftt difibrent tenperaturea are mingled to* 

getho*, the meaii temperatuse of the com** 

pound bemg, therefore, unable to hold their 

ag^^^^te BOMstittft, disencumbers itself of 

the surplus loa^ If ihis eommixtmre be tpst^ 

duced by the meeting of opposite currents in 

Ab atmosphere^ a very considerable^ deposit- 

tion inay take places When the humidily ie 

slowly parted witfa^ it remains suspended in 

the shape of fogs or olonda; but wlien it is 

more copiousfy detadiedf. it forms rain or hail* 

Snow Is caused by the fieeoing of 4)ie minute 

aqueous i^ulea at the instant of their pre« 

dipitation, but hail seems to derive its origin 

from the iHXDgdatum of the huge accumu^ 
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lated drops in their subsequent descent 
through a cold and dry stratum of air. 

Most of the softer substances are disposed 
to attract moisture with vaiSous degree of 
force. On this property,- is founded the con- 
to-uction of aU the hygrosoopes which have 
been at different times proptos^. Bren the 
earthy bodies^ if previously heated before a 
strong fire, and kept stopped iii glass decanters^ 
have a power to abstract moisture from the 
eonfined air, and therefore to render it artifi- 
cially dry. Cultivated soils possess eounent* 
ly the same disposition, and which appears 
the more conspicuous in prop(»rtion to th^ 
fertility. 

The concentrated sulphuric aciid and the 
powdered muriate of lime, i»rticul«ly the 
former^ are on the whole the most energetic 
and lasting absoirbients; But air which . haa 
been desiccated by' their operation, is fitted^ 
throii^ it% invigorated powers of evaporation, 
to excite greater cold. .Hence water or other 
Uquors may at all times be considerably cool*^ 
ed, and with very little trouble or expencet 
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But far more intense cold is crea^ed^ by 
combining the power of an absorbent with 
that of rarefaction. If water in a small petrous 
pan be s^ above a wide surface of sulphtmc 
acid, and covered by a low receiver from 
which the ait is mostly extracted, it will soon 
Congeal, and will remain in that frozen state 
for a very long time, tiU the ice become in« 
sensibly wasted away by a continued process 
of evaporation. A sort of invisible aerial dis- 
tillation is carried on under the glass ; for 
the thinness of th^ medium and the absence 
of atmospheric pressure, occasion nearly the 
^ame effect on the humid substance, as the 
application of fire alone. The steam exhaled 
£*om the surface of the pan is conveyed to 
the acid, where it condenses and gives out its 
component heat After the ice has been 
fottned, the same circulation is still maintain- 
ed. ' Heat is indeed merely transferred from 
the exhaling to the absorbing surface; and 
the solid cake remains considerably colder, 
while the sulphuric acid is kept always warm- 
er^ than the atmosphere of the room. A tem- 

M 



178 .Delations of air, &c<; 

perature many degrees below the point of 
freezing water can thus be procured at all sear^ 
sons. The congelation of mercury has already 
been effected by this process; and after re- 
ceiving farther extension and improvement^ 
it may no doubt come in time to be applied 
to a variety of the most useful and beneficial 
purposes in life. 
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c^ The different Instruntents and Machinei 
described in this Tract j are to be had^ of the 
most accurate and perfect construction^ from 
Mr Cary^ Optician^ London^ and from Messrs 
Miller ^ AniEy Edinhurgh. 
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X HE8E instruments are contrived chiefly ta iii- 
dicate, with peculiar delicacy, the smallest dif- 
ferences of heat» which will be shown to deter- 
mine the force and character of a wide jte- 
ries of phenomena. In explaining their con- 
struction, therefore, it may be proper to pre- 
mise some account of the ordinary thermome- 
ters. 

Heat is measured by the expansion of some 
convenient fluid, included in a glass bulb, 
which terminates in a long and very narrow 
stem. Air, oil, and alcohol, were successive- 
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ly employed for that purpose ; but quicksilver, 
being found to dilate almost equably, has at last 
obtained a decided preference. To regulate the 
scale of heat, two .fixed points are taken, — the 
congelation of water, or rather the melting of 
ice, on the one hand,*— and, on the other, the 
boiling of water under a certain atmospheric 
pressure. 

This interval has been vtmouAj divided. 
Reaumur distinguished it into 80 degrees, and 
Fahrenheit into 180 ; but the former reckoned 
both upwards and downwards, simply from the 
point of congelation, while the latter began his 
scale arbitrarily SS degrees lower, supposing this 
origin to be the limit of extreme cold. The cen- 
tesimal subdivision of Celsius, however, is by 
fiir the most natural and philosophical. He 
commenced at the freezing point t>f water, and 
reckoned 100 degrees upwards to the point of 
ebuUition^ and carried the same degrees down- 
wards as far as observation extends. This scale 
has, under the name g£ Centigrade^ been adopted 
by the Erench, and must in time obtain general 
reception, at least by the scientific world. To 
convert centesimal degrees into those of Fahren- 
heit's scale, the easiest mode is,! from the double 
'Of them to deduct one-tenth, and add the con- 
stant number dS. Thuk, 18 degrees of the cen- 
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tigrade scale correspond to 64^4 of Fahrenheit ^ 
for the double 3GP duninished by its tenth part 
gives SS^.4» vhich is again augmented by SS^. 

To render the com- 
parison of the principal 
scales more &miliar, a 
small table is hereannex- 
ed^ which could easilybe 
extended^ by adding, for 
another column, 10 to 
the centesimal degrees, 
and 18^ to those of Fahrenheit* 

It would be most erroneous, however, to in* 
fer that the thermometer measures the actual 
heat contained in any substance ; it merely in- 
dicates the common temperature, or the height 
of the level which heat maintains through its 
range of influence. Heat is, in &ct, distributed 
in very unequal shares among different bodies, 
which manifest as much diversity in their 
specific attractions as in their other peculiar 
quafities. Thus, while in the state of equili- 
brium, water contains 100 parts of heat, an e- 
qual mass of steam will hold 155, of alcohol 64^ 
of oU ve oil 50, of sulphuric acid S4»9 of atmos- 
pheric air SO, of charcoal S6, of glass 20, of 
charcoal 19» of iron 12, but its oxide 32, of 
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silver 8) of gold 5, of lead 4, though its yellow 
oxide C8, and mercury only 3. 

Heat never occurs in a separate form, but 
remains constantly joined to bodies, in a state 
of combination, though, to preserve its equi- 
librium, it will partially migrate from one to 
another. Through tlie substance of a solids 
it is conducted by a series of internal ex- 
pansions and contractions. In liquids, heat is 
conveyed chiefly either by the flow, or by the 
buoyancy and subsequent diflusion, of the di- 
lated portions of the medium. But whether 
the conducting mass be solid or liquid, the na- 
ture of the surface of emission has no influence 
whatever in the propagation of heat. If a hot 
ball, for instance, be covered with sand, or 
plunged in water, it will cool just as fast, when 
coated with metal, as when sheathed with glass 
or paper. But the effects are totally changed 
in a gaseous medium. Besides the ordinary dis* 
persion of heat by the successive expansion of 
the conducting particles, as in solids, or their 
internal recession and difiusive buoyancy, as in 
the case of liquids ; the gaseous media display 
a new energy, depending on their species of con- 
tact, or the quality of the terminating surface, 
the calorific impressions darted from glass or 
paper being about ten times stronger than those 



emitted from metal. Thus, if a hollow silver- 
^alt, filled with hot oil or water, be suspended in 
a dose room, while ten parts of heaf are shed 
by the actual flow and ascension of the heated 
particles, one part more is shot through the 
passive and tremulous medium, like the pulses 
of sound } but if a fold of cambric be lapped 
about the silver-ball, this pulsatory emission of 
heat will be augmented to ten parts ; so that 
in atmospheric air, while the naked ball loses 1 1 
parts of its heat, it discharges 20 parts when 
sheathed. Suspended in* hydrogen gas, the 
same ball, naked or invested with cambric, 
would emit 41 and 50 pa:rts of its heat. The 
minutest film of vegetable or animal substance, 
applied to the metallic surface, materially in- 
creases its propelling energy. Thus, a single 
fold of gold-beaters' skin, which has only the 
thickness of the SOOOth part of an inch, will 
augment the pulsation of heat from one part to 
seven. 

The operation is always essentially the same, 
whether the ball delivers or acquires heat ; for 
the sentient medium propagates whatever im- 
pressions it receives, either of excess or defect, 
the hot as well as the cold. These impressions, 
like excited sound, undulate through the trem- 
bling air, and disperse themselves in all^irec- 
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tions ; but tliey do not nece$8arily radiate en hold 
a rectilineal coarse^ and tbe heat irhich b coDr 
veyed or abstracted by their agency may there- 
fore be more accurately termed pubatory. 

This summary of the principles will make the 
construction and application pf themeteorologi^ 
cal instruments more easily understood. They 
shall now be described in detail* 



I. DIFFERENTIAL THERMOMETER. 

Thb common air-thermometer^ though sus- 
ceptible of large variations^ is yet rendered si- 
most useless, from its being affected not only by 
local heat, but by the general pressure of the at- 
mosphere. A very simple modification, how- 
ever, converts it mto an instrument of singular 
utility in various delicate physical researches. 
A glass tube terminated by a ball containing 
air is hermetically joined to another longer 
tube, terminated by a similar ball contaimng 
likewise air, but including a small portion of a 
coloured liquid. The tubes are then b^it, by 
the flame of a lamp, into a recurved or double 
stem, like the letter U, and the liqilid is adjust- 
ed to* the proper height, by making bubbles of 



of air to {nwi firom, the cme ball to the othern 
fiom the little enlargement of the bore left at 
the junction of the tubes. (^See Fig. 1.) If 
both balls have the saoie temperature, the liquid 
must evidently remain stationary } but if the ball 
of the shorter tube be ^trarmed, the air» esqpand* 
ing and exerting more elasticityy will depress 
the liquid in the stem } or if this ball be cooledf 
the air by its contraction allows the liquid to as* 
cend from the siqperior elasticity df the air con- 
tained in the opposite balL The fall or rise of 
the liquid will therefore mark the excess of heat 
or cold in the adjacent ball ; and the qpace 
through which it moves will measure the pre- 
cise difference of temperature. The tubes may 
have their bores from the 50th to the SOth of 
an inch wide, and the balls may be blown 
from four^tenths to an inch and a half in diame- 
ter. The best liquid is sulphuric add tinged with 
carminCf which retains its colour though ex^ 
posed to the sun, and never a£fects the dryness 
and elasticity of the included masses of air, 
which press it on both sides. Alcohol is light«> 
er, and nimbler in its motions } but, by mixing 
its vigour with differently heated portions of air, 
it would dilate them unequally, and disturb 
the accuracy of the indication. To estimate 
the difference of heat between the balls, a 
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nUUesimal scale is adopted^ oH the whole interval 
from freezing to boiling water is divided into 
1000 equal parts, to constitute the degrees. 

The Difl^rential Thermometer varies its shape 
and dimensions according to the purpose for 
which it is intended. One of its most conve« 
nient forms is the pendant^ the coloured liquid 
being supported in the base, by capillary action 
from a cylinder, opening into the lower ball, 
but not exceeding the tenth of an inch in 
width. 



11. THE PYROSCOPK 

This instrument, which is principally design- 
ed to measure the intensity of a common fire, is 
the simplest modification of the Differential 
Thermometer. The whole change consists in ha- 
ving the ball that serves as a reservoir of the 
coloured liquid completely gilt with thick leaf 
of gold or silver. The hot pulses darting conti- 
nually from the grate into the room are most- 
ly thrown back from the bright metallic surface 
of the one ball of the Fyroscope, but upon the 
other naked glass ball they produce their full im- 
pression, and consequently make the liquid to 
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sink proportionally in the stem. This calorific 
action diminishes, as the square of the distance, 
on receding from the fire ; and yet such is the 
sensibility of the instrument, that it is visibly af- 
fected at the remotest part of the room. Pl^ 
ced, therefore, at the same given distance from 
any grate, it will indicate the absolute force of 
the fire, or will measure the tide of heat which 
flows into the apartment. 

But the Pyroscope will mark likewise the pul- 
sations from a cold surface. In a warm roL, 
it is sensibly affected by the chilling impression 
at a few inches, from an earthen jug filled with 
water just drawn from the well. 



III. THE PHOTOMETER. 

This instrument is contrived to indicate the 
power of illumination, by detecting the slight 
alteration of temperature which it occasions. 
One of the balls of the differential thermometer 
is blown of black glass, while the other is form- 
ed quite pellucid. The rays of light, which 
fall upon the dear ball, therefore, pass through 
it| without suffering obstruction } but those 
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which strike ^e dark ball ax^ absorbed at its sur- 
^e, and excite or communicate heat This heat 
mnst hence accumulate, till its subsequent dis* 
persi<m through the air comes to balance exact- 
ly its constant accession. The space through 
which the coloured liquid sinks in the stem will 
thus measure the momentaryimpressions of light, 
or its actual intensity* To prevent any extra* 
neous agitation of the air from accelerating the 
discharge of heat at the surface of the black 
ball, and thereby diminishing the full effect, the 
instrument is always sheltered, more especially 
out of doors, by a thin glass-case. 

The Photometer admits of some variety in 
its construction ; but fig. 9. and S. r^resent its 
two most ordinary forms. The former is porU 
abkf the black ball, being nearly an inch higher 
than the other, and bent forward to the same 
vertical line ; and the whole can be inclosed for 
protection in a case of wood or metal. The 
latter is stationary , or has both its balls of the 
same height, and reclining in <^posite ways. 

The Photometer, placed in open air, exhibits 
distinctly the progress of illumination from the 
morning's dawn to the full vigour of noon, and 
thence its gradual decline till evenii^ has spiead 
her mantle f it marks the growth of light from 
the winter solstice to the height of Summer, 
and its subsequent decay through the dusky 
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shades of Autiiiim ; and it enables us to com- 
|Mire» with numerical accuracy, the brightness 
of dif^rrat countries, — ^the brilliant d^y of Italy 
for instiuice, with the murky atmosphere of Hol- 
land. 

In this dimat^ the direct impression i^ the 
sun about Midsummer amounts to about 90 de- 
grees } but it regularly declines as his rays be- 
come more oUique. At the altitude of 17 de- 
grees, it is already reduced to one half; and at 
3 d^ees above the horizon, the whole e£^t 
exceeds not one millesimal degree. But the 
greatest force of the solar bean^ with us in the 
depth of winter reaches only to 26 degrees. 

The quantity of indirect light reflected from 
the sb:y, though extremely fluctuating in our 
dimate, is oi^n very considerable, It may be 
estimated at 30 or 40 degrees in summer, and 
10 or 15 in winter. This secondary light is 
.most powerful wh^i the sky is overspread with ^ 
thin fleecy clouds ; i|^ is feeblest, either when 
the rays are obstructed by a mass of coi^rega^ 
ted vapours, or when the atmosphere is clear 
and of a deep azure tint. On the lofty summits 
of the Alps or Andes, the Photometer, screened 
from the sun, and only exposed to the dark hue 
of the broad expanse, would indicate a very 
small effect. During the late solar eclipse of 
the 7th of September, the sky being complete- 
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\y overclouded, it showed, both before and af- 
ter the passage of the moon's disc, only 12 de- 
grees of light ; but when the obscuration was 
greatest, it marked not more than a single de- 
gree. 

The delicacy of this instrument renders it a 
valuable auxiliary in various scientific inquiries. 
It ascertains the diminution which the rays of 
light suffer in reflexion, and during their pas- 
sage through different transparent substances. 
By combining it with the transferrer of an air- 
pump, it likewise detects the comparative 
powers in conducting heat of the several gases 
when variously attenuated. 

The Photometer discovers the relative densi- 
ty of different artificial lights, and even con- 
trasts their force of illumination with that of the 
solar rays. It may be mentioned as a curious 
inference, that the light emitted from the sun 
is 12,000 times more powerful than the flame of 
a wax-candle ; or that, if a portion of the lumi* 
nous solar matter, rather less than an inch in 
diameter, were transported to our planet, it 
would throw forth a blaze of light equal to the 
effect of 12,000 candies. 

To compare the illumination of candles or 
lamps, and of the flame of coal or oil gas, the best 
form of the Photometer is that of fig. 1*, guard- 
ed both in front and behind by a pair of thin 
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spreading plates of mica set parallel at the inu* 
tual interval of about half an inch. A series of 
experitn^its on this subject will be soon given 
to the public. 



IV. THE HYGROMETER. 

This most useful instrument is adapted to 
measure the dryness, and by consequence the 
opposite humidity, of the atmosphere. It is an^ 
other simple modification of the difierential ther. 
mometer, the ball which contains the coloured 
liquid being covered with several coats of cam- 
bric tissue paper, and wetted with pure water. 
The depression of the column in the opposite 
stem, marking the diminution of temperature 
caused by exhalation from the humid surface, 
will express the relative dryness of the ambient 
air. As this principle, however, has not been 
rightly understood, it may be proper to exa- 
mine the process of evaporation more closely. 

When water passes into steam or vapour, it 
enlaiges ite capacity, and absorbs a very large 
share of heat. Any body, therefore, having a 
wet sur&ce, becomes generally colder on being 
exposed to the access of air. But this decrease 
of temperature soon attains a certain limit, 
where it continues stationary, though the dissipa- 
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tifott txf nioistore still proceeds with undimkiiph- 
ed activity. The saiM medium which tFanqporti 
the vapoury must hence furnish also the portion 
of heat required for its incessant formation. In 
fact» after the humid surface has been cooled, 
each portion of the ambient air which comes to 
touch it, must likewise be cooled down to the 
same level, and hence communicate its surplus 
heat, or the difference between the prior and sub- 
sequent state of the solvent, which is evidendj 
proportioned to the loss of temperature it has sus- 
tained. The deposition of heat at the surface 
of contact is thus a contemporaneous act witib 
its abstraction by vaporization, imd it quickly 
advances to an equal degree of intensity ; after 
which a mutual balance of effect obtains, and 
the coldness induced continues then without the 
smallest alteration. A rapid circulation of the 
evaporating medium may hasten the cq[>eration 
of those causes ; but so long as it possesses the 
same drying quality, it cannot in any way de- 
range the resulting temperature. The heat de- 
posited by the air on the humid surface, which 
is indicated by the Hygrometer, becomes hence 
an accurate measure of the heat spent in vapor- 
izing the portion of moistiu*e required for the 
saturation of the solvent at its lowered tempera- 
ture. 

The Hygrometer has two distinct forms ; the 
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one portable and the other stationary. The for- 
mer, having its balls in the same perpendicul^c; 
line, is protected by a wooden or metallic case., 
and fitted for carrying in the pocket } two or 
three drops of pure water^ from the tip of a 
quill or a hair pencil, being applied to the sur-. 
face of the covered ball, and the instrument held 
exactly in a vertical position whenever it is used. 
(See Jig. 6.) The latter form is susceptible of 
rather greater accuracys having its balls bent 
opposite ways at the same height. In this con-^ 
struction of the instrument^ the covered ball, 
after being once wetted* is kept constantly 
moist, bymeans of some fibres of fioss-silk passing 
dose over it, and immersed at the distance oi^ 
ttw inches in a tall glass decanter full of water, 
with a stopper which leaves open a small pro» 
jectixig Up. (Seejig^ S.) 

The Hygrometer has its c^posite balls made 
to exhibit nearly the same coloui^ aud opacity^^ 
in order to exclude the admixture of photome- 
trical influence, or prevent any derangement 
which the action of light might otherwise occs* 
aion. The naked ball is blown of red, green 
or blue glass, and the papered one is e?Ltemally 
covered with thin silk of rather a fainter shade, 
as it takes a deeper tint when moistened. 

The condition of the atmosphere with respect 
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to dryness is extremely variable, tn our climate, 
the Hygrometer will, during Winter, mark from 
5 to QS degrees ; but, in the Summer months, 
it will generally range between 15 and 55 de- 
grees, and may even rise, on some particular days, 
as high as 80 or 90 degrees. On the Continent 
of Europe, it maintains a much greater eleva- 
tion ; and in Upper India it has frequently stood 
at 160 degrees. 

When the indication of the Hygrometer does 
not exceed 15 degrees, we are directed by our 
feelings to call the air damp ; from SO to 40 de- 
grees we begin to reckon it dry ; from 50 to 60 
degrees, we should account it very dry, and from 
70 degrees upwards, we might consider it as in- 
tensely dry. A room is not comfortable, or per- 
haps wholesome, if it has less than 30 degrees 
of dryness ; but the atmosphere of a warm oc- 
cupied apartment will commonly produce an ef- 
fect of upwards of 50 degrees. 

In frosty weather, the cjovered ball will be- 
come congealed, but the Hygrometer will still 
perform its oflSce. The complex evaporation 
from the icy coat will even augment, by about a 
seventh part, the depression of the liquid which 
would be caused by the simple exhalation from 
a mere humid surface. 
This Hygrometer not only marks the relative 
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dryness of the atmosphere, but furnishes the 
data for determining the absolute quantity of 
moisture which it is at any time capable of ab- 
sdrbing. In the formation of vapour, as much 
heat is abstracted as would communicate a mil- 
lesimal degree to 6000 times its weight of water; 
and since the capacity of air is only above S-lOth 
parts of that of water, the same measure of heat 
would communicate an equal change of tempe- 
rature 20,000 times its weight of air. The de- 
pression for each hygrometric degree caused by 
the exhalation of moisture is therefore compen- 
sated, by the warming contact of 20,000 times 
jits weight of air, the mass which becomes satur 
r^ted by this union. 

But the disposition of the air to dissolve mois- 
ture is rapidly augmented by every application 
of heat. From several combined observations, 
it appears that this mutable fluid has its dryness 
doubled at each rise of temperature, answering 
to 15 centesimal degrees* Hius, at the freezing 
point, air is capable of holding a portion of mois- 
ture represented by 100 degrees of the Hygro- 
meter ; at the temperature of 15^ f it could con- 
tain 200 such portions ; at that of 30^, it might 
dissolve 400 ; and at 45^, on the same scale, 
800, which corresponds to the twenty-fifth part 
of its whole weight. The. following table will 
therefore exhibit the solvent power of atmos^ 
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pheric air, in the range of the d\3teent tempeinu 
tures from 15*» to 45^. 

It may be comput- Quantitim of Moisttoa dia- 



solved in Atmospheric Air at 
different Temperatures by the 
Centesimal Scale* 
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ed that a cubic mass 
of air 40 inches e* 
very way, or a little 
more than the stan- 
dard of French mea* 
sures, and of theordi- 
nary density, weighs 
S0,000 grains. The 
table now given ex- 
hibits, therefore, in 
grains, the weight of 
moisture which a me- 
trical cube of air is 
capable of holding at 
different temperatures^. Thus, at SO^, which cor* 
responds to 68^ of Fahrenheit, this body of air 
could retain 252 grains of humidity. But if a 
larger scale be preferred, the same numbers will 
express, in pounds Troy, the quantity of wfiter 
required to satiurate a perfectly dry mass of air 
constituting a cube of twenty yards in every di- 
mension. 

This taUe ccmfirms the very ing^ous theory 
of rain proposed by the late Dr Jamies Hutton, 
which ascribes the deposition of m<H8ture in 
the atmosphere to the intermixture of unequally 
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kesrt^ strata. Suppose two metrical cubes of 
damp air at the tenrfperature of 1^ trnd W^to be 
intermingled, they would respectively brirrg^ to- 
gether 229.7 and S3^*S grains of moisture, being 
S81.1 grains &>r each share. Bat at ^^ the 
mean resulting temperature, a metrical cube of 
mr could hold cmly 2J6A grains, and must con-^ 
sequentiy depose, in the form of fog or rain^ 
the excess, or 4*7 grains. 

To produce the fidl dSect, therefore, it is 
necessary that large vcdumes c^ ihe fluid be 
brought into contact over any spot in a given 
time. We have only to assume the mutual ope^ 
ration of a chill and a warm current of damp 
air, driving swiftly in opposite dkecfdons^ and 
continually mixing and changing their donter« 
miiious sui&ces. 

It is remarkable how smaU a pm^tiofB of th« 
mjueous element is at any time suspended in 
the atmosphere. Reckoning the mean tempera- 
ture over the surface of the globe to be 19^ the 
air could only hold 340.6 parts o£ humidity for 
30,000 times its whole weight ; but this weight is 
nearly the same as that of a column of water of* 
400 inches in altitude ; and hence, if the atmo$- 
phere, from a state of absolute dampness, were 
to discharge the whole of its watery store, it 
would form a sheet of 4.813 inches^ or some- 
what less than 5 inches in depth. To furnish a 
sufficient supply of i:ain, it was necessary there- 
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ft)re that the air should undergo very frequent 
changes from dryness to humidity in the course 
of the year. 

It is evident from the theory of the Hygrome- 
ter, that this instrument marks only the dryness 
of the ambient air, at the reduced temperature 
of the wetted ball. To find the true dryness of 
the atmosphere, a correction must be added, for 
the superior dissolving power of its actual tem- 
perature. Thus, suppose the -Thermometer to 
stand at 16°, while the Hygrometer indicates S0°| 
the air would have this measure of dryness. at 
the temperature of 13^ which is that of the hu* 
mid surface ; consequently, if the air, after the 
contact, were raised to its previous temperature, 
it would have its dryness increased by 27•2^ or 
the excess of 209.5 above 182^.3. Another 
S0pdlu^on may hb likewi3e drawn : The air of 
this condition holds 152.3 parts of moisture, 
which, from the tabk,- is the extent of solution 
at the temperature of 9^.1 ; cooled down to 
that limits therefore, it would become perfectly 
damp, and begin to humify every substance it 
touched. This term, which marks conspicuous- 
ly the quality of the air, has been sometimes 
called the Dewing Point. I have accordingly 
calculated a table for correcting the indications 
of the Hygrometer, and ascertaining the coiTe- 
sponding points of absolute dampness through 
the general range of temperatures. 
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CoRiiBCTiON of the Hturombt£R, and Position of die fomt 
or Saturation at Different Censimal Temperatures. 
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Th^ application of this table is very easy I 
Thusj if at the temperature of 21°, the Hygro- 
meter should mark 70^ the corrected measure 
is 142.99 which denotes the humbet of grains oi 
water that a metrical cube of the air Would re-- 
quire fot complete saturation j but the same 
air would likewise become absolutely damp at 
the lowered temperature of 4''.1. 

The tiygrometer is an instrument of the greats 
est utility, not only in meteorological observa* 
tions, but in aiding ddiiiestic economy, iti regu- 
lating many processes of art, and in directing 
the purchase and selection of various articles of 
produce. It Will detect^ for instance, the damp-^ 
ness of ail Apartment, and discover the eondition 
of a magazine, of an hospital, or of a sick-ward^ 
Most warehouses require to be kept at a certain 
point of dryness, which is higher or lower ac- 
cording to the purposes for which they are de- 
signed. The printing of linen and cotton is car- 
ried on in very dry rooms j but the operations of 
spinning and weaving succeed best in air which 
rather inclines to dampness. The manufacturer 
is at present entirely guided by observing the e£» 
fects produced by stoves, and hence the goods 
are often shrivelled or otherwise injured before 
he can discern any alteration in the state of the 
medium. Wool and corn have their weight 
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itu^tnented sometimes as much ^s 10 or evt^n 
IS per cent, by the presence of moisture* But> 
the condition of these commodities could be. 
mcdy aad r«adUy ei^mined. by heaping them 
over a small mited cage, vithin which an Hy« 
grometer is placed* 

The Hygrometer asdertaios the various ab« 
sorbent powers of different substances which 
have been previously dried. Not only sulphu^ 
ric add and the deliquescent salts show great 
energy in drawing mbisture from confined air, 
but meal, day, and different compound earths 
and stones exert an attraction scarcely inferion 
The most fertile soils appear to be chiefly dis- 
tinguished by their absorbent quality. 

It was this Hygrometer which led to the dis-; 
covery of a powerful method of artificial con-* 
gelation. As rarefaction enlarges the capacity 
of air, it likewise augments the disposition to 
hold moisture i at the same time that the re- 
moval of the ordinary pressure facilitates the ex* 
pansion of the liquid matter, and its conversion 
into a gaseous form. Accordingly, if the Hy- 
grometer be suspended within a large receiver 
from which a portion of the air is quickly ab- 
stractedi it will sink with rapidity. In Summer,^ 
the additional dryness thus produced amounts 
to about 50'', each time the air has its rarefiu> 



tion doubled ; so that, supposing the operation 
of exhausting to be performed with expedition, 
and the residuum reduced to a 6ith part, the 
Hygrometer would mark in all the descent of 
SO^. But this effect is momentary ; for the 
thin air becomes very soon charged with mois- 
ture from the surface of the wetted ball. • 

It hence appears, that the loftier regions of 
the atmosphere are comparatively drier than 
fiiose below, or that, at the same temperature,, 
the attenuated fluid is capable of holding a larger 
share of humidity. Thus, on the slope of Chim* 
bora90, an Hygrometer, if placed in a tent where 
the air has been warmed to the temperature 
that prevails on the shores of Lima, would stand 
about 4Xf higher than at the level of the sea. 
Without such a constitution of the elements, 
indeed, our globe must have been shrouded in 
perpetual darkness ; for the cold which reigns 
in the upper strata would have prevented the 
humidity from ascending to a great elevation, 
and have precipitated it in fogs or clouds* 

The increased power of aqueous solution, 
which air acquires as it groWs thinna-, being 
ascertained, the next object was to combine the 
action of a vigorous absorbent with the tran- 
sient dryness produced within a receiver by rare- 
faction. Having introduced a broad surface of 
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wlpkuric acidy this substance was found to 
superadd its peculiar attraction for moisture to 
the ordinary effects resulting from the progress 
of exhaustion; and, what was stiU more im. 
portanty it continued to support, with scarcely 
diminished energy, the dryness thus created* 
The attenuated air was not suffered, as before, 
to grow charged with humidity ; but each por* 
tion of this medium, as fast as it became satura- 
ted by touching the wetted ball of the Hygrome* 
ter, transported its vapour to the acid, and was 
thence sent back denuded of the load, and fit- 
ted again to renew its attack. By this perpe- 
tual circulation, therefore, between the exha* 
ling and the absorbing surface, the diffuse resi* 
duum of air is maintained constantly at the 
same state of dryness. Heat is hence abstract- 
ed in proportion to this invigorated evaporation. 
If the air be rarefied only 50 times, a depres- 
sion of temperature will be produced, amount- 
ing to 80 or even 100 degrees of Fahrenheit's 
scale* But if the rarefaction were pushed to 
£50 times, the utmost that, under such circum- 
stances, can perhaps be effected, the surface of 
evaporation would be cooled down 120 degrees 
in winter, and about 200 in summer. 

We are hence enabled, in the hottest weather, 
and in every climate of the globe, to freeze a 
mass of water, and to keep it frozen, till it gra- 
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dually wastes a\(^ay by a continual but invisibie 
^roo^ss of evaporation. Hie only thing requii> 
Ted i&t that the ^ur&ce of the acid should ap« 
' ptoach near to that of the irater, and should 
have a greater extent ) for otherwise the nioii»» 
ture would exhale more <^opioQsly than it would 
be transferred and absorbed, and conseqtraitly 
the dryness of the rarefied medium would be* 
t^me reduced, and its evaporating eneigy es* 
isentially impaired. Hie acid should be poured 
to the depth of half an inch or more in a broad 
flat dish, which is covered by a receiver c^a he* 
mispherical shape : the water exposed to con- 
gektion may be contained in a pan of porous 
earthen ware, not exceeding half the width of 
the dish, and supported by a slender porcelain 
stand. (JSeeJig. 9.) 

Artificial congelation is always most oommo- 
diously performed on a large scale. Two or three 
minutes will be sufficient for procuring the ex- 
haustion required, and the combined powers of 
evaporation and absorption will afterwards gra^ 
dually produce their capital effect. The pro- 
cess will be somewhat expedited, and the ice 
rendered more solid and p^ucid, if t^'water 
has been previously purged <^ its air by difitil* 
lation or boiling, and kept close shut up in a 
decanter with a glass stopper. The waste 
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which the water sustains during the act of its 
conversion is extremely small, seldom indeed 
amounting to the fiftieth part of the whole. One 
pound of sulphuric acid might, hy various re« 
peated applications, effect the congelation of SO 
pounds of water, before it has imbibed nearly 
an equal bulk of this fluid, and thereby lost 
about an eighth part of its reirigerating power. 
Besides sulphuric acid» other substances 
may be employed to produce the necessary ab«^ 
sorption. The muriate of Ume answers com.- 
pletely ; but parched oatmeal offers many ad- 
vantages, and though it will not perform efiec« 
taally more than one or two operations, it can 
easily be restored stgsdn to its former enei^ 
gy^ by drying it thoroughly before a strong 
fire, or even exposing it to a very poweiful 
sun. The congelation is caused by a sort g£ 
invisible aerial distillation, the vapour exhaled 
from the surface of the water being conveyed to 
the broad absorbent, where it condenses into a 
liquid form, and gives out its surplus heat. The 
whole process, indeed, consists in this incessant 
transfer of heat ^m the pan to the bason. After 
the ice has been formed, the same drculatioQ is 
umintninedf and the solid cake becomes yet 
much colder, while the acid or oatmeal is kejpt 
warmer than the atmosphere of the room. 
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V. THE ATMOMETER. 

This instrument is an useful* auxiliary, and 
might with some attention serve as a substitute 
for the Hygrometer. It does not mark the dry* 
ness of the air, but it measures (as its name de- 
notes) the quantity of moisture exhaled from 
a humid surface in a given time. The Atmo- 
meter consists of a thin ball of porous earthen 
ware, two or three inches in diameter, with a 
small neck, to which is firmly cemented a long 
and rather wide glass tube, bearing divisions^ 
each of them corresponding to an internal 
annular section, equal to a film of liquid that 
would cover the outer surface of the ball to 
the thickness of the thousandth part of an inch 
(See Jig. 8.) The divisions are ascertained by 
a simple calculation, and numbered downwards 
to the extent of 100 to 200 ; to the top of the 
tube is fitted a brass cap, having a collar of lea- 
ther, and which, after the cavity has been filled 
with distilled water, is screwed tight. The out- 
(lide of the ball being now wiped dry, the in- 
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strument is suspended out of doors and exposed 
to the free access of the air. In this state of 
action, the humidity transudes through the po- 
rous substance just as fast as it evaporates from 
the external surface ; and this waste is measur-, 
ed by the corresponding descent of the water 
in the stem. 

If the Atmometer had its ball perfecdyscreen- 
ed from the agitation of wind, its indications 
would be proportional to the dryness of the air 
at the lowered temperature of the humid sur- 
face; and the quantity of evaporation every 
hour, as expressed in thousand parts of an inch, 
would, when multiplied by 20, give the hygro- 
metric measure. For example, in this cUmate, 
the mean dryness in Wiiiter being reckoned ISo 
and in Summer 40% the daily exhalation from a 
sheltered spot must in Winter form a thickness 
of .018, and amount in Summer to .048 decimal 
parts of an inch. Suppose a pool for the sup- 
ply of a navigable canal exposed a surface equal 
to ten English acres, and that the Atmometer 
sank 80 parts during the lapse of 24 hours ; the 
quantity of water exhaled in that time would 
^ -rau X 660 X 66 X 10, or 2904 cubic feet, 
which corresponds to the weight of 81 tons. 

The dissipation of moisture is much accelera- 
ted by the agency of sweeping winds, the effect 
being sometimes migraented 5 or even 10 times. 
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In general, this augmentation is proportional, as 
in the case of cooling, to the swiftness of the 
wind, the action of still air itself being reckon- 
ed equal to that produced by a celerity of 8 
miles each hour. Hence the velocity of wind is 
easily computed, from a comparison of the in* 
dications of a Hygrometer with an Atmometert 
or of a sheltered, with those of an exposed, At- 
mometen Thus, suppose the Hygrometer to 
mark 40 di^rees, or the column of witter in a 
sheltered Atmometer to subside at the rate of 9 
divisions in an hour, while in one exposed to 
the cmrent, the descait is iS divisions ; then as 
i is to 10, tilie superadded effect of the wind, so 
is 8 to 40 miles, the distance through which it 
has travelled in that time. 

The Atmometer is an instrument evidently 
of extensive application and of great utility in 
praietioe. To ascertain with accuracy and readif- 
ness the quantity of evaporation from any sur- 
&ce in a given time, is an important acquisition, 
not only in meteorology, but in agriculture^ 
and the various arts and manufactures> The 
rate of exhalation firom the sur&ce of the ground 
is scarcely of less consequence than the fall of 
rain, and a knowledge of it might often direct 
the fanner advantageously in his operations. 
On the rapid dispendon of moisture dq>ends the 
efficacy of drying houses, which are too fre- 
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quenUy constructed most unskjiifiillyt or qa .very 
mistakea priacipleSr ' a 
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VI, THE ^THRIQSCOPE, 



)> 



This |s the last and most curious instf ua^iit 
fbr extending our meteorological views. It ,d9^ 
rives its n%me from a Greek wordt signifying 
clearness and coldness, ideas closely associated 
in the imagination of the ancient poets. The 
^t^hrioscope, exposed to an open sky, indiqatw 
the variable impressions of cold which are Utoll 
times shot do^nw^ds from the higher regionial 
pf the atmosphere. It is only a modification 
pf the Pyroscope, from which the influOToe of 
light an4 of agitation by the wind is excluded.' 
The simple J^roscope, indeed, exposed under a 
clear atmosphere v^ calm weather, and screened 
from the solar rays, will detect very sensible im? 
pressions of cold, amounting sometimes to S or 
10 millesimal d^ees. But such indications 
are unsatisfactory, so long as they are aflfected 
by the impsession of light and the disturbing 
agency of wind. Tha action of that instrument/ 
however, is augmented, and rendered more stea-^ 
dy, by annexing, under the sentient ball, a Uttl<l 



hemispherical cup of metat. Another st^ now 
completed the transformatioa. 

Both the derang- 
ing effects of light 
and wind are exclud- 
ed or prevented, by 
adapting the Pyro- 
acope to the cavity of 
a. polished metallic 
cup of an oblong 
spheroidal shape, the 
axis having a verti- 
cal position, and the 
lowerfocus being oc- 
cupied by the sen- 
tient ball, while the 
section of an horizon- 
tal planepassingthro* 
the upper focus de- 
jgn^ the orijfice. The 
cup is made of thin 
braoa, or silver, either 
hammered or cast, and then turned and po- 
lished on a lathe ; its diameter being about 
four inches, and the eccentricity of the ellipti- 
cal figure varied within certain limits accord- 
ing to circumstances. The most convenient 
proportion, however, is to have this eocentri- 
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dtyeqasX to hitf the iraiBvoroe axuw ^nd con* 
secfuentlj to place the &3tua at tibe thitd part of 
the whole height of the cavily» the diameter o^ 
the sentient ball being likewise nearly tibe third 
part of that of the orifice of the cup. In order 
to separate more widely the balls of the Py^^ 
scope, the gilt one may be carried somewhat 
higher than the other» and lodged in the swdL 
of the cavity ; its stem being bent to the curvey 
and the neck partially widened* to prevent tjtie 
risk of dividing the coloured liquor in carriage*. 
A lid of the same polished metal as the cup it* 
self is fitted to the mouth of the ^thrioteope;, 
and only removed when an diseryation is to lA 
made. The scale may extend to 90 or 100 der 
grees above the zero, and to 10 or 15 degrees, 
below it. 

This instrument, exposed to the open air in 
clear weather, will at all times, both during the 
day and the night, indicate an impression of cold 
shot downwards from the higher regions. But 
this efiect varies exceedingly. It is' greatest 
while the sky has the pure azure hue ; it dimi- 
nishes fast as the atmosphere becomes loaded 
with spreading clouds ; audit is almost extm- 
guished when low fogs settle on the surface of 
the earth. In like circumstances, the fiigan&c 
impressions are generally somewhat stronger 
through the day than during the night, and con- 
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aidenibly more powerful in sunutKx than in win- 
ter. Partici!iIar!windsatilifrereiildltitadtewouId 
seem also to. ttiodify .the fCBults:/' 
' i^e JEtiiFioseope ia.re- 

duced to a] smaller and 

more cdrnpacti form', by. 

conjoining it with a p«i* 

dant differential thiefmo- : 

meter. Neither of the 

glass balls in dris' oba- 

struction -requires to be 

gilt} but the lower one* 

^rii^ch may be made oonsi- 

derably larger^ is eaoased 

bya hollowsphere bf brass, . 

composed of two piectt . 
which screw together, and 

t]ie upper ball occupies ibe 
focus of the Clip, which 
heeds not exceed two in* 
ches in width. 

The sensibility of the in- 
strument on exposure is^ 
very striking, for the li- , 
quor incessantly ialls and rises, in the stem with 
every passing cloud. In fine weather, the 
.^Ethrioscupe will seldom indicate a iHgprififs 
impression of less thao 30 or more thjm 80 mil- 
lesimal degrees. Ifthe sky become overcloiided. 
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the effect ibay be reduced to l^^v <>i even so low 
fts S\ when the congregated vappurs hover on 
the hilly tracts. Yet there are' sometinies appa- 
rent discrepancies. I have reniarkedmoore than 
once, on. the approach 6f ^veiihij^y in clear fros- 
ty wieather, that^ while the atdiosphere became 
at Oiic^ i)bsctiire(i by a body of vay- dense black 
sinoke, the: coloured liquor instantly mounted 
from 35^ to SSV where it remained till the dark 
masfif dispersed. This stratum of fuliginous 
matter had no doubt absorbed the fhgorific im- 
pressions showered from the sky ; and beii^ 
precipitated by its weight, it would bring down 
intense coldness from the superior regions, and 
th^efore dart fresh imprescaons, rendered now 
trie more p6werful from the approximation ^f 
their source. 

r On replacing at any time the metallic, lid of 
;the :£thrioi300pe, the effect is entirely extin- 
'^gfiii^ed, ^ and the fluid of its inclosed Differen- 
tial Tbertnometer sinks to zero. The thinnest 
paper or animal pellicle being stretched over 
the mouth of the instrument will reduce its 
action exactly one half; a cover of paste- 
board at first perfwms the office of a perfect 
'tibreen, but after its upper surface has be* 
come chilled by the a^ect of the sky, it ex- 
cites likewise a small secondary influence upon 



the setttient joallt scarcely amcmntiiigy howeveri 
to the tenth part of the whole impressioii. Thiis 
diminished efiect is occasioned by the diflference 
of temperatute between the upper and the un- 
der surface of the pasteboard^ through which 
soft substance the successive frigorific deposits 
penetrate very slowly. An elegant method is 
hence suggested, for determining precisely the 
rate with which heat is conducted through va- 
rious bodies, by comparing the r^ults from lids 
made of different materials, but of the san^e 
thickness, and varnished alike on both, sides. 

To ascertain whether the cold pulses are shot 
obliquely, as well as in the vertical direction^ 
the ^thrioscope may be constructed to turn 
towards any portion of the sky. A truncated 
spheroid of great eccentricity was adopted for 
the reflector, the height of the cavity being 
nine inches, its widest diameter six. A lon^ 
groove cut through one side of the lower 
part of this taU cup received the Pyroercope, 
which was twisted so, that the gilt ball stood 
detached, and the sentient ball remained al- 
ways in the focus only an inch above bottom, 
while the axis of the spheroid could, by means 
of a screw acting on the limb of a quadrant, 
be depressed or elevated to any given angle. 
In this construction, the effect was* chiefly pro- 
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pulses, striking less obliquely against the cavity 
of the spheroid, are but feebly reflected. 

This ^thrioscope, which may be called the 
Sectoral, was placed in a convenient situation 
out of doors, when the sky appeared free irom 
clouds, and had assumed a clear blue tint. The 
splieroid being turned first upright, the effect 
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Was liolid; but it continued still uncliangedi 
on depressing the axis continually, till this had 
Sipproached the Umit of energetic range, or 
within twenty degrees of the horizon. The re- 
sult sufficiently proved, that, from every por- 
tion of the sky that subtends a given visual an- 
gle, we redeive the same quantity of frigorific 
pulses. 

There is dtill another variety of the JE- 
thrioscope, well adapted for investigating the 
theory of the instrument, the metallic cup be*^ 
ing inverted, but including also the balls of a 
reversed Pyroscope. This petidant ^thrio^ 
scope^ set in the floor of a warm apartmelit, re^ 
mains at zero ; yet raisled only a few feeij it 
will indicate ia sensible impression' of cold^ 
that may increase to three or four degreed 
wnen it is suspended near the cieling. This 
effect evidently depends on the ditference of 
temperature between the floor and the stratum 
\it buoyant air in which the inSirument is im- 
mersed. 

The unpression made on the ^thrioscopii 
idaust evidently be the same, whether it proceeds 
from a single set of large pulses, or from se- 
vend sets of smaller ones. If, instead of one 
bounding surface, fdr example, above which 
the air is six degrees warmer than immediately 
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belovr it, we suppose six such boimduies, e^ch 
having an excess of temperature of osly one 
degree ; the pulse excited at the first of these 
intermediate surfaces, and successively aug^ 
mented as they reach the second, third, and 
fourth, kc. surfaces, will at last acquire the 
same energy as if the aggregate difference of 
six degrees had been all exerted at once. 
Thus the under sur- 
face of the stratum r^ * — — j, 

F darts pulses down- p^ r-- ~^^ 

wards, which being ;- '"^o 

augmented in sue- ^__.__^. __...._^ fc 

ce^ion at the uni- 
der surfaces of the 
strata E, D, Cj B 

and A, may have finally the same inietisity, as 
if they had originated from the opposition of 
the extreme strata F and A. 

If the action of the pulses excited in theauf: 
of a Small room be rendered thus apparent, how' 
much more striking should we expect to'find 
the efltect produced by the mingled tide of com-- 
XQOtion collected in free space from th^ vast 
body of the ataiosphere itself? Taking even 
tiie lowest range of strata, of the height per- 
hi^s of two n^les, including sCa^ely one-third 
part of the whole aerial mass, the difierence of 
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temperature between its extreme boundary will 
amount to 20 centesimal degrees. The order 
of the series^ however, is exactly the reverse of 
what takes place in a close room, the air of the 
superior r^ions being invariably colder than at 
the surface of the earth. 

As the higher strata of the atmosphere dart 
cold pulses downwards, so the lower strata must 
project equal pulses of heat upwards. To mea- 
sure these, the inverted ^Ethrioscope is appli- 
cable. Carried to the top of a lofty mountain, 
and directed to the plain below, it would indi- 
cate a notable impression of heat, nearly pro* 
portional to the quantity of ascent. On the 
summit of Chimbora90y this instrument would 
probably mark an effect of 20 millesimal de- 
grees. 

This form of the ^thrioscope likewise dis- 
covers the quality and intensity of the pulses 
projected from the ground. These, in general, 
are very feeble, seldom in this climate exceed* 
ing.S or 4 degrees. In the progress of a bright 
day, as the surface grows warmer than die in- 
cumbent air, it excites hot pulses ; but the ef- 
fect gradually diminishes while the sun de- 
clines, and again appears increasing with a con* 
trary character after the ground has become 
relatively colder. ^ 
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The same instrument, suspended a few feet 
above a grass piat when the sky appeared clear 
and blue, a silver tray was laid under it, and 
tiie reflected impresuon of cold amouotf^to 
as degrees ; but, on interposing a. plate of glass, 
it was reduced to S degrees ; and pn.remoying 
this, and pmiring a sheet of water over the sil- 
ver, the effect was absolutely extipguisheJ. 
The absorbent influence <^ water, and conse* 
quently of clouds, which consist merely of dif- 
fuse aqueous particles, wa^.,.thu3 distinctly 
shown. 

The nature and 
intensity of the cold 
and hot pulses ex- 
cited in the f«veral 
strata of the at- 
mosphere, may be 
easily understood 
from the annexed fi- 
gure. Let two equal 
and opposite circles 
touch the straight 
line AB, which divides a stratum <^ cold fnxn 
another of warm air. While the opposite dta- 
roeters CD and cd represent the force of the 
perpendicular pulses of cold darted domi- 
wards, and of beat upwards, the chords CF, CE, 




Cik, attd do, and Q^ C^, Ck, and Cg, \dll like- 
'\dse exhibit the strragth of the pulses which 
atfe transtoitted with various obliquity* 
''• 'When all thb frigorific impressions showered 
frbm the higher incumbent strato ai'e inter- 
Vfcepted by d, broad canopy <tf clouds, the M- 
thrioscbpe is affected only by the partial grada- 
tion of cold through the inferior bed df^ air, or 
by the difference of temperature between the 
ground and the watery screen, Which must be 
nearly proportioii&l to its elevation. This in- 
strument could therefore be conveniently em- 
ployed, in estimating the altitude of a range of 
clouds above the surface of the earth. 

The cold pulses darted from the wide expanse 
of sky contribute materially to the foi'mation 
of dew, which collects copiously upon the places 
most exposed during clear arid calm weather. 
Hence the danger, in the tropical regions, of 
Bleeping in open air, though the shade of a palm 
leaf will afford sufficient protection. Water is 
often cooled or even frozen in Egypt and India, 
by conjoining the chill celestial influence with 
^e evaporating power <rf a very dry atmos- 
phere. ' 

' The jEthrioscope thus^opens new scehcB to 
citM: view. It extendi its sensation through in- 
definite space, and reveals the condition of the 
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rtmdtest attnoi^here. Constracted with still, 
greater delkacy, .h maijr perhaps detect the dis« 
tant wind^,' and: discover the actual tempeca^ 
ttire of every quarter ^of the heavens. The insn' 
pre^ions of bold ii^hich arrive from the Noridi, 
vrill probably be found stronger than thdse if^ii 
ceivod from the South. 

' The most recondite principles of harmony, 
are di^losed in the constitntion of this nether 
world. A bisdanced system of aerial currents, 
determines the gradation of b^it from tiie equa-* 
tor to the pol^ and from the level of the sea 
to the highest atmosphere. But the unequal 
distribution of heat is farther attempted by the 
vibi^tory impression which it maintains through 
the general medium. The surface of any stra^ 
turn of air which s^nds a hot pulse in one dir 
rection^ must evidently propel a cold pulse of 
the same intensity in the ppposite direction. In 
clear weather, the cold pulses then shoi^ered 
entire from the heavens^ wiU, even duriog the 
progress of die day, prevail oyer the influence 
of the reflex light received on the ground ia 
places which ^re screened from the direct ac*- 
tion of the unu Hence, at all times, the cool-> 
ness of a northern exposure. Hence, too, 
the freshness which tempers the night in the 
sultriest plimat«s, under the expanse of an aJ^ 
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most constant azure sky. . In our northern la- 
titudes, a cluster of clouds commonly screens 
the ground from the impressions of cold. . But, 
within the arctic circle, the surface of the earth 
is more effectually protected, by the perpetual 
fogs which deform those dreary regions, and yet 
admit the light of day, while they absorb the fri- 
gorific pulses vibrated from the higher atmo- 
sphere. Even the Ancients had remarked, that 
our clear nights are generally likewise cold 
During the absence of the sun, the celestial 
impressions continue to accumulate and the 
ground becomes cooled to the utmost in the 
morning, at the very moment when that lumi- 
nary again resumes his potent sway. The 
lowest stratum of air, being chilled by touch- 
ing the exposed surface, * deposites its mois- 
ture, which is either absorbed into the earth, 
or attracted to the projecting fibres of the 
plants, on which it settles in the form of dew, 
or of 4ioar-frost. Hence, in this countiy, the 
utility of spreading conrerings at night, to screen 
the tender blossoms and the delicate fruits 
from the influence of a gelid sky ; and hence, 
also, the advantage of covering walled trees 
with netting, of which the meshes not only de« 
tain the frigorific pulses, but intercept the mi- 
nute icicles in their act of formation. 
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DESCRIPTION OF THE PLATE. 

Pig. 1. exhibits the ordinary Differential Thermometer^ consisting of 
two continuous tubes, tenninatea with nearly equal balls, containing 
common- air, and having interposed between them a portion of sulphu- 
ric acid tinned with carmine. When both balls are of the same iempe« 
rature, the liquor remains quite steady ; but if the one on the right hand 
be made warmer than the cither, the liquor will sink proportionaUy in 
the stem. The degrees marked on the attached scale correspond to 
thousandth parts of the interval of heat between freezing, anci boiling 
water. When the left hand ball is gilt with metallic leaf, the instrument 
becomes converted into a Pyroicope^ which measures, by its descent or 
its rise, the intensity of the impressions darted by the medium of air from 
a warm or a cold surface. 

Fig. 2. and J. represent the Photometer^ the former htva^ portable and 
protected occasionally by an exterior wooden case, and tne latter in* 
tended to be stationary. In both of them, the ball which receives the 
calorific action of light is formed of black enamel, and the irregular in- 
fluence of wind is entirely precluded, by means of a case of very clear 
thin glass. 

Fig. 4. shows the thin porous cup, first used to serve the purposes of 
an hygrometer, which had accompanying it a mercurial thermome- 
ter open at top, with a small reservoir to hold the surplus quicksilver, 
— an imperfect attempt at the Differential Thermometer. 

Fis. 5. and 6. exhibit the Hygrometer^ the former being statumary^ 
and the latter portable^ and protected by a case of wood, ivory, or metai, 
as in fig. 2. One of the balls consists generally of blue ghus, and the 
other, which contmns the supply of coloured liquid, is covered with 
some folds of tissue paper under a coat of azure silk. This covered 
ball being wetted ana exposed to evaporation, the liquor soon marks, 
by its descent in the opposite stem, tne dryness of the air. In fig. 5. 
the instrument is kept in constant action, being fed with moisture by 
help of capillary threads, immersed in a higher decanter full of distil- 
led water. 

Fig. 7. shows Hygroscope : the thin tapering bulb, turned out of 
ivory, and having a class tube with rather a wide bore inserted, is filled 
with quicksilver. When the atmosphere grows drier, this shell of ivo- 
ry, by losing its moisture, contracts and squeezes up the quicksilver in 
tne stem, where it marks on the attached scale the quantity of variation 
in thousandth parts of its whole volume. The unequal divisions placed 
on the opponte side of the tube indicate the correspondence of the in- 
strument with the correct hygrometer. As this instrument, however, 
acts very slowly, and will scarcely admit of carriage, I have not mention- 
ed it in the text. 

Fig. 8. represents the AtmometeTf an instrument dedened to measure 
the quantity of evaporation, bv the descent or waste ofa column of wa- 
ter. It consists or a ball of thin porous earthen-ware, to which is ce- 
mented a wide glass tube, bearing divisions which correspond each to 
the measure of a film of water that would cover the external surfiice to 
the thickness of the thousandth part of an inch. These balls are ele- 
gantly formed, by my direction, at the celebrated manufactory of Etru- 
ria in Staffordshu>e ; some of them being only an inch in diameter, and 
of the most delicate execution. 
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Fig. 9. exhibrU the process of artificial congelation in its most effictent 
form ; the water contaiDe4 ip 1^ porous ^an being s^t above a wide 
baaon liolding concentrateid or sulpnuric acid or parched oatmed. For 
practical purposes, f^n fiir-pump, of a simplq bi|t powerful oqnstructioo, 
18 emplovedy tiayin^ three or sixdetacheo p)a(es of an inch in diameter. 
As soon ^B the air i^ partly extracted from one receiyefy the commuoi- 
catioQ is immediately siopped with the hody of the pump^ and the pro- 
cess of exhaustion is repeated on another, till the evaporating pans are 
td) set in full action. After the lapse of three quarter* of an nour the 
ice may be removed. 

Fig. 10. is an obliqoe view of the freeaing of water, as performed in 
a glass cup after its humid surface has been exposed to the action of the 
rarefied air, by the drawing up of a lid of plate glass. When the frigorific 
action is most intense, the congelation sweepsat once over the whole sort 
face of the water, obscuring it like a cloud. But, in general, the pro- 
ca% advances more slowly ; bundles of fine spicule from different points 
f tretphing Qut and spreading by degrees with a sort of feathered texture. 
The surface, however, soon consolidates into an uniform sheet of ice^ 
whiph gradually bepomes thicker. 

This elegant mode of operating is only meant for experimentf^ esn 
hibition. The apparatus oeing screwed to the plate w an air-ftump 
is exhausted, and then transferred perhaps to a parlour table. An long 
as the cup is covered, the water continues liquid; but, on drawing up 
the lid, it freezes almost instantly. The lid bems replaced, the ice l^in 
thaws. This process may be repeated perhaps thirty (imes, before all the 
water it ynaied by evaporation. 
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The several Instruments here described^ and 
of the best and most accurate construction^ 
may be purchased of Mr Cary^ Optician^ 
iStrand, London^ qi}d of Mr Adie^ in 
Edinburgh. 

Prices according tq the Style of Mounting* 

Simple DiffiBrenlial Tkernwneiertfrom ••• X.1 : 5 : to LA : 11 : S 

P^QfCope, » X.1 : II :6to X.2 12 : 6 

MygnmeteTf X.2: 12 i6to L.5 : 5 : Q 

jftmomeierp • X.1 : 5 : to X.1: 15: O 

Photometer^ , X.3 '» Z i to IhZ : 10 : O 

JEtkrioMCopet • X.4 : 4 ; to X.5 : 4 : ^ 

Jxtrge Air-fumpjor congdaHor^t with a nngU pla^e, and nci/oMs ^ff 

partUutt X.42 : : O 

DiUo, with three plafeSf ^...^ JL65 : : Q 

pUtOt with nx plates, ...,., • ;.., ^.84 : : Q 
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